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THE ASSESSMENT OF NASA TECHNICAL INFORMATION

EXECUTIVE SUMMARY




It is a well-established fact that human organizations in both government
énd private enterprise can function well only when they receive systematic
~ feedback about their performance. Without that information, executives have
~ Tittle upon which to base their decisions for managing and improving the
quality of their products. |

The National Aeronautics and Space Administration (NASA) and the aeronau-
tical industry are, in a very real sense, partners in the aerospace ventqre in
the United States. The primary product produced by NASA, scientific and
technical information, is the foundation for many of the advances in the aero-
nautical industry and one of the primary reasons for the continued United
States superiority in the global aircraft market.

To &ate, however, NASA has obtained very little systematic feedback from
the aeronautical industry regarding the quality of the scientific and technical
information it produces. Specifically, little is known about the industry's
perspectives on (1) its information needs, (2) benefits of receiving NASA
technical information, (3) the inadequacies in NASA technical information, and
(4) changes in the content, presentatioﬁ, and dissemination that would improve
the information.

The primary purpose of this report is to provide NASA with feedback from
the aeronautical industry that can be used by NASA directors in managing and
improving the quality of its scientific and technical information. The sec-
ondary purpose is to develop a feedback and monitoring system which can provide
NASA with periodic and systematic information from users of its technical
information in the aeronautical industry. Although NASA does research in a
large number of areas, the aeronautical industry was chosen for this study

because aeronautics has been a longstanding focus for NASA efforts and the
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companies in the industry are well-defined recipients and users of NASA tech-
nical information. The field also provides a representative subset of all
NASA work and, because of the length of time NASA has worked in the field, a
study of aeronauticaT companies made comparisons between NASA and NACA
feasible. . A

This Executive Summary of the study entitled "The Assessment of NASA
Technical Information," highlights information contained in the final report
to NASA. The numbers in parentheses following each section indicate the page

number of the final report where further information may be located.

Design and Methodology of the Study

The study had two major objectives:

1. To identify how NASA technical information is disseminated
and utilized within aerospace companies; and

2. To analyze the perceived quality and usefulness of NASA
technical information by the users in the aeronautical
industry.

To identify how NASA technical information is disseminated and utilized
within aeronautical companies, it was necessary to: (1) determine how infor-
mation is received, stored, and distributed, (2) identify direct and indirect
users of information, along with differences in usage patterns, (3) identify
user characteristics affecting the use of technical information within com-
panies, job classifications, and other situétions, and (4) identify types of
information needs (contenf) and needed or desired methods of presentation‘
(format). A

To analyze the perceived quality and usefulness of NASA technical infor-

mation by users in aeronautical companies, it was necessary to: (1) obtain
xvi




evaluations of the quality and usefulness of NASA and other technical infor-

mation by direct users, (2) identify ways in which NASA technical information
aids the work of individuals within aerospace companies, (3) compare the use

of NASA technical information to other similar sources, and (4) identify the

~major dimensions or criteria by which users make their evaluations.

The study included all private corporations which were subscribers to
automatic distribution of NASA aeronautical pubiications in September 1978.
O0f the 45 companie§ identified, 40 agreed to participate in the study; the
five which declined tended to be smaller companies with relatively limited
use of NASA technical publications.

Three groups of direct or indirect users were identified: (1) executives
(department managers, division heads, chief engineers, or others managing
engineering or research and development groups), (2) researchers (engineers,
designers, scientists, and technologists), and (3) librarians.

A series of questionnaires was designed and mailed to members of each
group between mid-January and mid-February of 1979. These questionnaires
attempted to determine specific usage and general evalution data. In addition,
the most direct users of NASA technical information, researchers, were given
abstracts of all NASA-produced aeronautical publications announced in NASA's
Scientific and Technical Aerospace Reports (STAR) from January through October
of 1978. Forms were included to obtain more specific evalution data on a
random sample of actual publications. A total of 450 executives, researchers,
and librarians participated in these parts of the study and 70% of all ques-
tionnaires mailed were returned.

Following collection of these data, personal interview were held with

executives and senior managers in six companies throughout the United States.
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The in-depth interviews provided additional information on questions raised
by the mail survey responses, as well as senior-level insights on broader
compény information needs and relationships with NASA.

An additiona1 research instrument was developed using a multidimensional
scaling technique (MDS). MDS is used in human communication research to'detér-
mine the relationship between two or more concepts, measuring the psycholo-
gical distance the concepts are located from each other. If, for example, the
concept of a technologist's job is close to the concept of technicaf infor-
mation, it suggests that technical information is an important part of the
person's job. If the two concepts are relatively far apart, it suggests that
technical information is not too relevant to the every day work of the indi-
vidual. MDS is useful in providing a direction for message strategies aimed
at changing the relationship of concepts to each other. The instrument was
administered in person to groups of scientists and technologists in the six
companies visted for the executive interviews. There were a total of 101
completed MDS questionnaires;

The 40 companies which participated in the mail questionnaire part of the
study ranged from as few as 35 employees in one company to more than 100,000
employees in several companies, with the average number of employees about
32,000. Among all executives, researchers, and librarians, the average age
was middle to late forties, the average length in the company was 15 years or
longer, and 92% had earned a bachelor's degree (about 45% had one or more MA
degrees and about 25% possess a PhD degree). Average age and years with the

company of executives was slightly greater than those of researchers. (11-32)
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Major Findings

The following is a summary of the major findings. These are organized
into three'major sections: (1) assessments of NASA technical information,

(2) major issues, and (3) the image of NASA technical information.

AssesSments of NASA Technical Information

Sources of A1l Technical Information. Technical journals, particularly

AIAA journals, were listed as the most frequent sources of technical infor-
mation by both executives and researchers. NASA publications were the second
most important sources of technical information, followed by publications of
a variety of other associations, government agencies and military branches, and

other organizations. (35-36)

Sources for NASA Technical Information. The two primary sources for

obtaining NASA documents are NTIS (84%) and STIF (70%). DDC (52%) and NASA
Research Centers (50%) were also mentioned by at least half of the librarians
as sources for NASA publications. Librarians also reported that when indivi-
dual copies of NASA publications are ordered, approximately 42% are ordered

through DDC and 39% from NTIS. (36-33)

Sources for Learning About NASA Publications. Thirty percent of industry

users of NASA publications learn about them through newsletters, often pro-

duced internally by librarians. About 21% become aware of NASA publications
through STAR and 15% learn about them ﬁhrough NASA contracts. Other sources
for learning about NASA publications include journals, colleagues inside the

company, SCAN, and colleagues outside the company. (39-40)
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‘Frequency of Use of NASA Publications. Executives report using NASA

documents on an average of 27 times per year, or once every two weeks.

Researchers use NASA publications more frequently, averaging about once every

| seven days. Personal interviews indicated that frequency of use largely

depends upon the nature of projects and the relevance of NASA publications.

(40-42)

Ordering NASA Publications. Nearly half (48%) of the executives and (43%)

of the researchers reported they had not ordered individual copies of any
documents over the past year. While all of the companies in the study were on
automatic distribution, 1ibrar1ans reported that the primary reason (55%) for
ordering an individual copy was that it was referenced in STAR but was not on
automatic distribution; about 20% of the time a document was supposed to be in
the automatic distribution package but was never received. When individual
copies are ordered, the largest numbers are in the categories of Aeronautics

(77%), Engineering (73%), and Math and Computer Science (71%). (42-46)

Effort to Obtain NASA Documents Within Companies. Researchers (73%)

reported very little effort in obtaining NASA documents within their companies,
suggesting that companies themselves are not a major source of problem for the
distribution of NASA documents. Most executives, in fact, reported that from

75% to 90% of the time their libraries either have information available within

the company or are able to obtain it in a reasonable amount of time. (47-49)

Timeliness of NASA Technical Information. Only a small percent of the

executives (8%) and researchers (11%) report that they receive NASA information
after it is too late to use; 65% of executives and 58% of researchers report

they receive NASA publications during the middle of a project; and 26% of
XX
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executives and 30% of the researchers receive the information they need at the
planning stages or beginning of a project. These findings suggest that MNASA
is doing a reasonably good job in getting the information it produces to the

companies before it is too late to be of use. (49-53)

Evaluation of Specific NASA Aeronautical Publications. Researchers first

became aware of the documents they evaluated through communication within their
own organization (30%), followed by STAR Abstracts (21%) and face-to-face com-
munication with NASA personnel (11%). Nearly half of the researchers (47%)
had read all of the article they evaluated and 80% reported having read half
of the document. Clearly the researchers saw the most important aspect of

the articles they evaluated as maintainiﬂg their professional awareness (71%
said the articles were important or very important for this function). Equally
as clearly, the respondents indicated that the articles were unimportant for

saving their company money and for saving person hours on the work project.

On two dimensions, respondents indicated somewhat greater jmportance than
unimportance: providing new ideas and validating their own research. Four
other dimensions were indicated to be somewhat less important than unimportant:
preventing duplication of work, improvinag the quality of work, helping to ap-

ply their own ideas, and suggesting alternative methods. (54-60)

Industry Communication with NASA Personnel. In addition to reading pub-

lications, various forms of direct, personal communication with NASA personnel
are an important, and in some cases, the primary source of new information.
Executives tend to have more direct, face-to-face communication with NASA
personnel (16 times a year) than do researchers (eight times a year). The

number of telephone conversations with NASA are about the same for executives
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(22 times a year) and researchers (19 times a year), as are written communi-
cations (executives 10 times a year and researchers seven times a year).
(60-65)

-Executives report that direct, face-to-face communication is very
"important (42%) and twice as important as written correspondence (21%). .The
same results also hold, though not quite so strongly, for the researchers. A
third of the executives (35%) indicated the telephone was a very important
means of communication with NASA personnel, while 40% of the reseafchers indi-
cated that it was very important. Executives consider face-to-face communi-
cation more important than telephone communication, but researchers see it as

about the same in importance. (60-65)

Executive Comparison of NASA and NACA. Sixty-three percent of the execu-

tives in the study reported direct, personal experience with NACA. Overall,
executives view NASA more favorably than they do NACA in terms of ease of
applying information, validating findings, providing alternate methods,
reducing costs, and superiority of information. However, there is a fairly
large percentage who view NACA as superior in some aspects. Two areas where
NACA is judged supefior are NACA's (1) orientation toward more basic research
which provided more definitive statements and comprehensive data and (2)
narrower focus on aeronautical problems which led to high quality, in-depth

research on basic topics. (65-70)

Major Issues

“Needs, Benefits, Inadequacies, and Changes. Technical information on

specific topics (i.e., materials, aerodynamics, aircraft and flight control,
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etc.) is the major information need of executives (54%) and researchers (64%).
Also of importance are a number of general content topics and the manner in
which information is presented. The speciffc content of NASA technical publi-
cations is cited by executives (57%) and researchers (69%) as the major bene-
fit of receiving NASA technical publications, although executives more than
researchers also cite assistance with planning and problem-solving and
assistance in working with NASA as relatively important benefits. Executives
and researchers are in nearly complete agreement that the two major inade-
quacies of NASA publications are the ways in which information is presented
and the dissemination methods. Content generally is not seen as a major
inadequacy. Among the changes recommended, changes in dissemination methods

rank slightly higher than methods of presenting information. (79-86)

Content. The major inadequacy of content, according to executives (48%)
and researchers (46%) is the lack of state-of-the-art publications published
by NASA, and the lack of relating current research information to that of
past or other on-going projects. Twenty-four percent of the executives and
13% of the researchers.cite the lack of basic research as a major inadequacy.
Among specific changes recommended, executives (33%) and researchers (22%)
would 1ike greater information on configurations, while 22% of both executives
and researchers would like to see more state-of-the-art publications, along
with better relating of one project to others. Generally, researchers feel
NASA publications help with problem-solving more than do executives, while
executives see more benefits than do researchers in the assistance NASA publi-

cations provide in working more effectively with NASA. (86-95)
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Presentation of Information. Executives (28%) more than researchers (17%)

rank insufficiency of data as the major inadequacy of NASA publications. Other
inadequaciés'(a11 under 20% each) include: Tlack of relevancy to current needs,
lack of applicability, narrowness, too generalized, and lack of adequate ana-
lysis. Both executives and researchers would 1ike to see NASA technical infor-
mation more relevant or applicable to their work, along with better analyses

of results, test verifications, and correlations and other parametric data.

(95-99)

Writing Style. Generally, writing style is not a major problem, although

executives would prefer a less formal, tutorial style, and researchers believe
that sections on design considerations, for example, should be written for

designers, cost sections for cost analysts, etc. (99-100)

Format and Design. Both executives (43%) and researchers (50%) prefer

traditional print publications over microfiche. There are, in fact, several
problems with microfiche identified by both groups, including quality and con-
venience. Another problem with NASA publications concerns charts, particu-
larly the lack of grids and the difficulty in reading them. Another is the
availability of computer user manuals and better quality magnetic tapes or

card decks to accompany computer programs. (100-103)

Dissemination. That information is not received when it is timely is

cited by 66% of the executives -and 62% of the researchers. Another area of
inadequacy concerns information retrieval, particularly indexing systems and

availability of access to NASA data banks. (103-106)
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The Image of NASA Technical Publications

The multidimensional scaling portion of the study was undertaken to
provide preliminary information on the image that industry scientists ahd
technicians have of NASA technical information. The concept of "NASA tech-
nical information" was found to be relatively far removed from that of "my
job." In other words, there are indications that the views of NASA technical
information held by industry scientists and technicians are not closely asso-
ciated with the views they hold of their work in the aerospace industry.
Manipulations of the data revealed several message strategies which could be
used to move the concept of NASA technical information closer to that of the
jobs of researchers. Some of the concepts critical in developing these
strategies should be: (1) for scientists, timely, prob]ém-so]ving, ideas,
and aerospace; and (2) for technologists, accessibility, useful, aeronautics,

and basic research. (21-24, 109-123)

Recommendations

The study provided a great amount of information about the generation,
dissemination, and utilization of NASA technical information. Both the data
from the primary questionnaires and the conversations with executives provided
a number of very positive asséssments of NASA and its technical information
products. The following recommendations, however, focus on those problem areas
which need consideration and probably action by NASA.

These recommendations are organized in the same sequence as the data
reported in the previous section on major issues and image of NASA technical

information.
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Content

Publication of State-of-the-Art Reports. Of all the publications pro-

duced by NACA, perhaps the most enduring were those on the state-of-the-art
in major areas of specialization; executives and researchers réport that this
kind of publication is greatly needed today. On an annual basis NASA should
produce one or more state-of-the-art publications which integrate past and
current knowledge in the field. The selection of these topics shou}d be
based, at least in part, on input from companies in the industry regarding

the types of information they most need. (129-130)

Providing Complete Data and Information in Reports. Executives and

researchers report they need not only the specific types of information
currently included in each NASA technical publication, but also occasional
access to additional specialized information and data. NASA should review
existing categories (i.e., test verifications and results, costs, operating
perfo?mance, configurations, correlations and other parametric data, design
considerations, and related information from other research activities),
create standard formats, and develop criteria for specification of the data
which should be included in these and other categories. In addition, reports

should indicate a contact for additional data not published in the report.

(126)

Publication of Interim Reports and Working Papers. These types of publi-

cations help make information available more quickly. In addition to progress
reports, NASA should encourage project directors to develop working papers,

perhaps less formal than existing T™'s, covering the current status of a
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project. These should be distributed quickly and informally to the aeronau-
tical community. One problem with existing interim reports, it was observed,
is that for proprietary reasons not all relevant data is always included by
the company conducting the research. For the organization conducting the
research, this may provide some competitive advantages; at the same time when
‘this type of information is not included in interim reports or TM's, it is a
disadvantage to the industry as a whole. This issue involves, as do some

others, the amount of time required to obtain detailed new findings. (130-131)

Publications on Trends, Developments, Research Needs, and Planning.

These types of topics rank high as information needs, particularly but not
exclusively, by executives. Industry personnel place great value on keeping
abreast of the field in general as well as specialized aspects of it. NASA
should develop an informal quarterly publication which is forward-looking,
covering current directions and activities of NASA, the status of major
projects, plans for new research projects, publication of major new reports,
trends in the field in general and in specialized areas, and other information
which will keep industry personnel up-to-date and assist with their planning

functions. (131-132)

Presentation of Information

Relating Current Research to Past or Qther Current Efforts. One of the

major inadequacies of NASA publications, according to executives and re-
searchers in the aeronautical industry is the failure to effectively relate a
new research project to existing knowledge and similar projects being

déve]oped concurrently. In all research reports and other technical
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publications, a section should be included which synthesizes other major
relevant information available within and outside NASA. An additional way to
meet this need is to periodically produce compendia which are, in effect,
indexes to information on specific topics which are available in the entire
field. The recent work of the Air Force was cited as an example of effective

work toward bringing together an existing body of knowledge. (132-133)

Organizing Data in Reports. To help provide greater clarity in NASA

publications, NASA should establish guidelines for organization of informa-
tion. Reporting should be more systematic, detailing how data was developed
and what sources were used. Existing standards for projects contracted by
NASA should be reviewed to assure greater consistency of these reports with
those produced within NASA, which generally are more highly respected because
of their thoroughness, organization, and completeness. Key information in
reports should be highlighted both in summaries and in the reports themselves.
In summary, NASA needs to rgview the existing manual of style, updating and -

distributing it, to facilitate the preparation of technical reports. (133-

134)

Objectivity. NASA publications receive some criticism for what is
perceived as a lack of total objectivity, primarily because research concepts
sometimes appear to be oriented around "special interests." As projects are
initiated, NASA should encourage broad 1iterature searches which extend beyond
NASA itself or contractor interests and which are reported in the final publi- E

cation on the project. (134)

Abstracts and Summaries. To help executives and researchers cope with

the great volumes of information currently available from a large number of
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sources, NASA should make sure that abstracts clearly describe the project,
the data included in the publication, configuration information by manufac-
turer or model, and key concepts which are relevant and applicable to aero-
nautical companies. The summaﬁies included in the reports themselves should

have similar information, along with a section on definitions. (134-135)

Conclusions. The practice of not developing conclusions in all publi-
cations should be examined by NASA and new methods for developing conclusions
should be explored. If the practice of not drawing definitive conclusions
is continued, more stringent requirements should be adopted to ensure that
reports do contain the breadth of information categories and depth of data

needed by researchers to validate their own conclusions. (135-136)

Executive Summaries. Executives and researchers need different types of

information and use information in different ways. To better serve the needs
of executives, who currently are an audience highly underserved by NASA, a
policy should be established within NASA of providing information developed
specifically for executives in aeronautical companies. Executive summaries,
for example, should be written for major research projects and automatically

distributed to executives throughout the industry. (136)

Writing Style

Executives express some concerns with the formality or tutorial style of
NASA publications, while researchers express concerns about the clarity of
writing. Overall, NASA shou]d encourage its authors to strive for a natural,
direct, and clear writing style. For example, if a section is included on

design concepts or considerations, it should be written in the language of
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designers, just as cost data should be written in the language of cost analysts.
More specifically, NASA should update its manual of style for authors of tech-

nical publications. (137)

Format and Design

Graphs. The style and quality of NASA graphs generally are considered to
be comparable to those of many federal agencies but not approaching new
standards being set by other organizations, particularly private industry and
research firms. Specifically, NASA should make a study of trends in the
design of graphs, charts, and illustrative matter in order to produce more
sophisticated work. In addition, grids should be used on graphs, and type

size should be somewhat larger on some charts. (137-138)

Use of Microfiche. Resistance to use of microforms is relatively strong

in the aeronautical industry primarily because of quality (legibility) of
microfiche (particualrly com-fiche) and convenience. Until existing problems
can be resolved, NASA should consider reducing the use of microfiche if costs
of traditional print publications can be kept reasonably Tow. NASA also should
place high priority on the examination of the quality control of com-fiche.

(138-139) -

Typography. Some MASA publications are highly legible and effectively
designed, while others suffer from basic typographical problems including type
size which is too small, type style which is too light, and line lengths which
are inappropriate for the size and style of type. NASA should strive for
better typographic and printing quality. This does not mean that all reports
must be expensively designed and tybeset but that legibility and general
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attractiveness (adequate white space, bookface type styles, and effective

placement of elements on a page) be sought in all publications. (139)

Distribution of Computer User Manuals, Magnetic Tapes, and Card Decks.

To reduce the time lapse between publication of reports on new computer pro-
grams and distribution of user manuals and accompaning magnetic tapes or card
decks, NASA should re-examine current production and distribution methods.

(140)

Dissemination Methods

Timeliness. Perhaps the greatest general issue identified equally by
executives and researchers is that of timeliness of NASA technical information.
NASA should initiate a study of the process of producing and distributing its
publications, beginning with the completion of the project through the final
production of a report. Related to this should be a study of the processes
of ordering, shipping, receiving, storing, and disseminating information from
STIF to company personnel. Finally, a manual should be produced for users in
the industry on ordering procedures and how NASA publications are distributed.

(140-141)

Informafion Retrieval Systems. Retrieving relevant information is one

of tﬁe most frustrating tasks of a new research project. To help facilitate
retrieval of information for the aeronautical industry, NASA should conduct a
study to determine changes in or additions to current STAR categories and key
word systems. A§ previously recommended, the quality of abstracts in STAR and
SCAN should be improved. Further, NASA should consider the development of

training programs for librarians and perhaps for researchers on assessing NASA
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technical information. (141-143)

Development of Compendia. An alternative information retrieval system
is the compendia created by the Air Force. NASA should explore methods of
developing similar compendia or Cooperating with other agencies to produce

this type of publication. (143-144)

Extending Access to NASA's RECON System. NASA should consider, guided

by results of a recent study which has been conducted with selected contractors,
making this system inexpensivelyavailable to all NASA contractors and others

in the aeronautical industry. (144)

Communication with Executives and Researchers

Contacts with NASA. Executive and researcher contacts with NASA

personnel are considered extremely important. To further improve interaction
between NASA and companies, a quarterly publication should by created which
describes all on-going projects and the key contacts for each. NASA also
should develop workshops or seminars for industry personnel; on alternate
occasions these programs can be taken to companies and companies can attend
the programs at NASA. A1l NASA technical reports should also contain infor-
mation on whom to contact and where they may be contacted regarding aspects

of a project. (146-147)

Image of NASA Technical Information. There are indications, while tenta-

tive, that scientists and technologists in aeronautical companies view NASA
technical information as relatively distant from their jobs. To correct this

situation, NASA should review the major dimensions by which it manages the
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production and dissemination of information and examine the major concepts
which industry personnel use when evaluating NASA technical information.

These concepts include timeliness, accessibility, usefu]ness} problem-solving,
and basic research. One strategy could be to deve]op a brochure based on the

concepts on how to use NASA technical publications. (147-148)
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Chapter One

PURPOSE OF THE STUDY




Statement of the Problem

One of the primary functions of the National Aeronautics and Space Admin-
. istration (NASA) is‘the production .and disseminationlcf scientific and tech-
hica] information. As part of its research and development activities, NASA
personnel produce information for research publications, conferences, and
personal consultations. These forms of information output serve as important
input to the aeronautical and related industries. In a very real sense, this
information forms a major portion of the foundation for advancement in the
aeronautical industry.

To date, however, NASA has gathered very little systematic data from the
aeronautical industry regarding their views of NASA technfca] information;
consequently, it is difficult to determine how these consumers evaluate NASA
and its research products. Furthermore, 1ittle is known about the internal
use which the aeronautical companies make of the various NASA technical docu-
ments that they request.

Past studies have either examined fhe NASA Scientific and Technical Infor-
mation System as a whole* or examined the usefulness of the NASA Information
System to NASA personnel.** As yet, no attempt has been made to determine the
usefulness of NASA technical information to those who use it in the aeronau-

tical companies; neither has an attempt been made to obtain an evaluation of

*See Simat, Helliesen and Eichner, Inc., Use of the NASA Scientific and
Technical Information System - A Case Study Approach to Developing Infor-
mation About Users. Draft Report, April 12, i973.

**See Prior, H. E., An Evaluation of the Scientific and Technical Information
System, Special Libraries, 66, 1975, 515-519.
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specific NASA technical publications from the aeronautical industry.

Recent comments by executives and others in the aeronautical industry
have indicéted some dissatisfaction with the technical information received
from NASA. Yet, without systematic feedback from its users, it is difficult
to determine what the reasons for this dissatisfaction might be, how wide-
spread it is, or what changes in NASA information products would make them
more suitable to the needs of the consumer.

The present study is undertaken on the premise that the better the
information that NASA has about its user population, the more effective NASA
will be in disseminating information to this audience. The study is designed
to acquire at least some of the information NASA needs to assess its infor-
mation dissemination policies and procedures. It is intended that the infor-
mation in this final report will assist NASA management in planning research
that will be of maximum benefit to the development of the aeronautical

community.

Objectives and Tasks

Two major objeétives were established for the study:

1. To identify how NASA technical information is disseminated
and utilized within aeronautical companies; and

2. To analyze the perceived quality and usefulness of NASA
technical information by the users in the aeronautical
industry.

This section describes the tasks necessary to accomplish these two major

objectives.

Objective 1. To identify how NASA technical information is disseminated

and utilized within aeronautical companies, it was first necessary to determi
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how information is received, stored, and distributed within the aircraft
companies. This included determining: (1) the timeliness in receiving
information from the source (NASA) to the company, either by automatic dis-
tribution or by 1ndividua]1y ordering documents; (2) the physical location in
.each company where technical information is stored; and (3) the notification
pfocedure within each company that the information is available for combany
users.

Second, it was necessary to identify direct and indirect users of infor-
mation, along with differences in usage patterns. This was accomplished by
comparing types of users at different levels in the company hierarchy, and
identifying differences in the amount of communication by telephone, letters,
and person-to-person that was desired. |

Third, it was necessary to identify user characteristics affecting the
use of technical information within companies, job classifications, or other
situations. This included identifying demographic characteristics of
executives, researcher/designers, and librarians.

Finally, it was necessary to identify types of information needs (content)
and needed or desired methods of presentation (format). This was accomplished
by summarizing open-ended responses about information needs, changes, benefits,
and inadequacies of NASA technical information from present users. ' |

Objective 2. To analyze the perceived quality and usefulness of NASA
technical information by users in aeronautical companies, it was first
necessary to obtain evaluations of the quality and usefulness of NASA and
other technical information by direct users. This included obtaining evalua-
tions of aeronautical documents generated by NASA authors by researchers,

designers, engineers, and other direct users in the companies.




Second, it was necessary to identify ways in which NASA technical infor-
mation aids the work of individuals within aerbspace companies. This included
detérmining levels of importance for various sourceé of information.

Third, it waS necessary to compare the use of NASA technical information
to other similar sources. This was accomplished by summarizing all possible
information sources utilized by aeronautical executives and researcher/
designers in doing their jobs.

Fourth, it was necessary to identify the major dimensions or criteria-
by means of which users make their evaluations. This was accomplished with
a multidimensional scaling technique to measure distances between primary
concepts and secondary concepts in order to plan an effective strategy for
message generation.

Overall, the study attempted to identify both the benefits of NASA
technical information to companies and individuals in them, and the possible
areas of needed change in'the generation, dissemination, and utilization of
NASA technical information. -Thus, the scope of the study included the writing
and production of documents, the distribution system, and the actual use of
the technical information by companies, as well as the evaluation of the
quality of that information and its specific usefulness to companies in the
aerospace industry. The study was also designed to provide the initial
development of a systematic feedback system from users to NASA, to provide
NASA with an organized, consistent monitoring system for continued evaluation

over time.




Overview of the Study

This study included all private corporations which were subscribers to
autométic distribution of NASA aeronautical publications in September 1978.
From these 45 companies fdentified,-40 agreed to participate in the study. As
described in Chapter Three (see pages 30-32), the 40 companies which parti-
cipated ranged from very small (as few as 35 employees) to very large (more
than 100,000 employees). The five companies which did not participate
tended to be relatively small with limited use of NASA technical publications;
none of the major aerospace or other related companies declined to participate.

Three groups of direct or indirect users were identified: executives
(department managers, division heads, chief engineers, or others managing
engineering and research and development); researcher/designers (engineers,
designers, scientists, or technologists); and librarians.

A series of questionnaires was designed and mailed to members of each
group. These questionnaires attempted to determine specific usage and general
evaluation data. In addition, the most direct users of NASA technical
information, researcher/designers, were given abstracts of NASA-produced
aeronautical publications distribute& during the ten-month period. Forms
were included to obtain more specific evaluation data on a random sample of
actual publications.

Following collection of these data, personal interviews were held with
executives and senior managers in six companies throughout the United States.
This series of in-depth interviews obtained additional information on ques-
tions raised by the mail survey responses, as well as senior-level insights

on broader company information needs and relationships with NASA.




An additional research instrument was developed using a multidimensional
scaling technique (MDS). This was administered in person to groups of
scientists and technologists in the six companies visited for personal

interviews.

Organization of this Report

Chapter One has provided a brief statement of the problem, review of the
basic objectives and tasks, and an overview of the study. Chapter Two
describes the methods, research procedures, and forms of analysis in detail.

Chapter Three details findings of the study. The chapter has been
organized into (1) a brief introduction, (2) description of the sample,

(3) assessment of NASA technical information, (4) major issues, and (5) the
image of NASA technical information. Information obtained from the 30
personal interviews with executives is integrated into each section.

Chapter Four reports specific recommendations resulting from this study.
In addition, an Executive Summary of this report has been developed. Copies i
of letters to partic%pants, questionnaires, other research instruments, and

the 1ist of the 40 participating companies are contained in the Appendices.




Chapter Two

METHODOLOGY




Overall Research Design

Three research techniques were used to obtain data: (1) questionnaires,
(2) personal interviews, and (3) multidimensional scaling (MDS). Each

involved a number of steps.

Questionnaires:

1. Identifying corporations receiving automatic distribution-from
STIF of NASA-produced aeronautical publications.

2. Obtaining agreement of these companies in the aerospace industry
to participate in the study.

3. Identifying within each company the (a) head 1ibrarian or other
sénior information specialist, (b) managers or other senior
level executives heading departments or divisions likely to use
NASA technical information on a regular basis, and (c) researchers,
designers, and other scientists and technologists who directly
use NASA technical information in their work.

4. Designing mail questionnaires for each of the three groups,
including letters explaining the study and procedures and methods
for returning completed questionnaires.

5. Identifying aeronautical publications produced by NASA itself,
developing sets of abstracts of these publications, and designing
an instrument for evaluating individual publications.

6. Receiving, coding, processing, and analyzing data.

7. Thanking those who participated for their cooperation.
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Personal Interviews:

1. Selecting representative companies in the aerospace industry
and identifying key senior level executives énd department heads
in each.

2. Developing a protocol interviewing form and conducting in-depth,
in-person interviews.

3. Sending letters of appreciation both to a senior person in each
éompany and those interviewed expressing appreciation for their

time and the information they provided.

Multidimensional Scaling (MDS):

1. Identifying major concepts obtained through responses on open-
ended questions in the mail questionnaires.
2. Designing an MDS research instrument and pre-testing it.
3. Administering the instrument in person to scientists and technicians.

4, Coding, processing, and analyzing data.

Once all data had been collected, a number of computer and other analyses
were made; in additign, data obtained by each of the three different data-
collection methods were related to each other. The final step was preparation

of a set of recommendations.

Companies Receiving NASA Information

While companies may receive NASA information from a great number of
sources, it was believed that the most regular users probably were subscribers
to automatic distribution from STIF. These companies, then, became the

population for the data reported here.
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A 1list was obtained from STIF's computerized Registration and Product
Control System (RPCS) of all domestic organizations currently receiving (in
September 1978) NASA publications in hard copy (Class 1U) or microfiche
(Class 7U) on automatic distribution. There were a total of 532 organizations,
including government agencies, NASA centers, military bfanches, research
compahies, libraries, universities and schools, and corporations.. A total
of 70 private corporations and other similar organizations were identified.

Before the final selection was made of companies which would be studied,
a second criterion was added. The STIF list of domestic automatic distri-
bution subscribers identifies 11 subject divisions of publications. These
subject divisions agree with the broad subdivisions appearing in STAR:
Aeronautics, Astronautics, Chemistry and Materials, Engineering, Geosciences,
Life Sciences, Mathematical and Computer Sciences, Physics, Social Sciences,
Space Sciences, and General.

Because this study sought specific evaluations of individual publications
issued over a period of time, and the total number of publications listed in.
STAR was in the hundreds, a decision was reached in conjunction with the
technical monitor for this project to 1imit the companies in the study to
those receiving automatic distribution in the aeronautical subdivision. A
total of 45 companies out of the possible 70 met this criterion. Furthermore,
approximately 80% of those 45 companies received publications in at least one
other subject division as well as aeronautical. More than 50% of those
companies were automatic subscribers to all 11 subdivisions.

The 40 companies which agreed to participate out of the possible 45 are
considered the "major" corporate recipients of NASA publications for the

purposes of this study. (See Appendix A for a list of the 40 participating
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companies.) As previously noted, the five companies which declined to partiF
cipate tended to be smaller and Timited users of NASA technical information;

it does not appear that this greatly affected the findings of the study.

Time Period

The study officially began October 1, 1978, and the contract period
ended July 31, 1979.

The STIF 1list from RPCS of all domestic organizations receiving NASA
publications in Classes 1U and 7U was received in mid-October and reflected
current subscribers at about that time. STAR Journals were obtained for the
period of January through October of 1978. Al1 publications evaluated in the
study were issued during this ten-month period.

Initial contacts were made with the companies in November 1978. Ques-
tionnaires to executives, researchers and librarians in those companies were
mailed in late January and early February 1979. The questionnaires were
returned by March 1979. Personal interviews and the MDS research were

conducted in May and June 1979,
)

Primary Questionnaire

Selection of Sample

The first contact regarding the study was made by a letter to a senior
executive officer of each company, signed by the Director of Ames Research
Center, and mailed from Moffett Field in California. These individuals,
called key contacts, were identified by telephone calls to each of the 45

companies that met the study criteria. The letter introduced the project and
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‘ : requested the names of individuals in each of the following three groups:

1.

Executives. The names of five top management people in

charge of research, development, or advanced design were

requested.

Researcher/Designers.* Twelve names of researchers, scientists,

engineers, designers, or others who were direct users of NASA

aeronautical information were requested from each company.

Librarians. One head or senior librarian or similar information

specialist was requested.

After an appropriate amount of time, all companies which had not

responded to the initial contact were telephoned. Of the 45 companies and

the possi

ble 792 individuals requested, 40 companies agreed to participate.

A total of 643 librarian, executive, and researcher names were obtained.

Questionnaire Design

Three separate questionnaires, one for each type of respondent, were

designed:

1.

Executive Questionnaire. This contained questions to obtain

data on the frequency of use of NASA publications, persdna1
contacts with NASA personnel, and the timeliness, accessibility,
and usage patterns of NASA publications. One series of questions
sought comparisons between NASA and NACA. Another set of questions

was aimed at providing data to compare researcher attitudes and

*For the

purposes of this report, further references to the researcher/

designer group has been abbreviated to "researchers;" reference to the
questionnaire for this group remains "researcher/designer.”
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behaviors with those of their supervisors. There was also a
series of open-ended questions.

2. Researcher/Designer Questionnaire. The baSic form was similar to

the Executive Questionnaire, with the addition of questions related
to the specific use of technical information. Opén-ended questions,
1ike those for the executive group, sought data on specific infor-
mation needs, sources of information, benefits of NASA technical
information, possible inadequacies of NASA publications, and recom-
mended changes.

3. Librarian Questionnaire. This sought information about the library,

including its relationship to other company libraries, number of
volumes, number of employees, usage patterns by clients, outside
sources from which information was obtained, and other general
information. In addition, several questions about receipt, storage,
and dissemination of NASA publications were asked.

A1l questionnaires requested basic demographic information about the
respondent, including company name, years of service in the company and the
aerospace industry, jeducational level, job title, and age. Each was mailed
to the designated participant with a personalized explanafory letter.

In addition to the basic questionnaire for researchers, another set of
materials was added:

4. Publication Evaluation Forms. This was in two parts. The first

contained a random sample of 25% of the NASA-produced publications
~issued in the first ten months of 1978 (see the next section for
a description of this procedure). Abstracts of the publications were

provided ahd the participants were asked to indicate which ones
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they had read or looked at. The second part contained forms for
evaluating individual publications. This part gathered data on how
the publications were obtained and used, along with specific
evaluations of their value and quality. Each researcher was asked

A to select no more than ten publications to evaluate.

Other materials included in the mail questionnaire package wére a cover
letter, a return envelope for the completed questionnaire, and a reply card.
Since the questionnaires were anonymous; the reply card, which was. returned
separately to the research staff when the respondent completed the question-
naire, provided a method for contacting those who did not return their
completed questionnaires within the specified time period. In addition, the
reply cards were used to send letters of appreciation to all who participated.
Samples of cover letters, guestionnaires, and publication evaluation materials

are contained in Appendices B, C, and D.

Selection of Publications for Evaluation

The evaluation section of the Researcher/Designer Questionnaire was
designed to obtain evaluative data on specific NASA publications. Between
January 1, 1978, and October 31, 1978, a total of 340 publications in the
aeronautical subdivision of STAR were listed which had been produced by NASA
itself. Publications produced or distributed by NTIS, AGARD, or other
agencies were not included.

An abstract for each of these 340 publications was reproduced from STAR.
Because of the large number of abstracts and the presumed limits on the
participant's time, four sets of abstracts were created. Each set contained

a different 85 abstracts. The sets then were randomly distributed to
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researchers in the study. Thus, all 340 of the NASA-produced publications
had an equal chance for evaluation, although no respondent was required to
consider more than 85 abstracts. After indicating which of the 85 had been
read or scanned, each researcher then was asked to select no more than ten
for detailed evaluation. Tén evaluation forms were included in each question-
naire packet. A sample of the evaluation form for an article appears in
Appendix C.

Table 1 indicates the distribution of the 340 publications by aeronau-

tical subcategories.

Table 1. Aeronautical Subdivision Publications by Subcategories

Number of
Subcategories of NASA-Produced Abstracts in
Aeronautical Publications Each Subcategory
01 Aeronautics (General) 16
02 Aerodynamics o 129
03 Air Transportation & Safety 10
ok Aircraft Communications & Navigation 10
05 Aircraft Design, Testing, & Performance : 4o
06 Aircraft Instrumentation, 5
07 Aircraft Propulsion and Power 91
08 Aircraft Stability and Control 24
09 Research and Support Facilities (AIR) 15
TOTAL PUBLICATIONS: January 1, 1978, to October 31, 1978 ;ZE
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Questionnaire Response Rate

Tab]e 2 indicates the actual number of respondents who received question-
naires, and the response rate for each group. The total response rate for
the study was 90% for the éqmpanies and 70% for the individuals contacted.
For a study of this nature this response rate should be considered quite

high.

Table 2. Response Rate for Mail Questionnaires

Questionnaires Number
Types of Participants Mailed Responding Percent
Companies 45 ko 90%
Individuals
Librarians 50* LY 82%
Executives 192 134 70%
Researcher/Designers 40) 275 69%
TOTAL INDIVIDUALS 643 450 70%
*0ne company supplied the names of divisional librarians because of decen-

tralization of its library services.

Personal Interviews

Following collection, processing, and analysis of data obtained from the
mail questionnaires, the second data collection phase was started: in-depth
personal interviews. _ |

From the 40 companies which participated in the study, six were selected

for a series of in-depth personal interviews. The selection of the six
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companies was made in conjunction with the project technical monitor at Ames
Research Center on the basis of size, area of specialization, years of using
NASA information, and geographical location. The objective was to obtain a
reasoﬁab]y broad representation of types of companies in the aerospace
industry. A list of.those companies selected for personal visits is in
Appendix E, along with an interviewing protocol form.

To arrange those interviews, the key contact identified for the mail
questionnaires was called by telephone. The purpose of the visit was
explained as a follow-up to the mail questionnaires to gain more or greater
depth of data on some issues which were identified in the mail questionnaire
phase of the study. Cooperation and arrangements made by the companies were
excellent.

Each interview lasted about an hour and was conducted by a senior member
of the Communimetrics staff, trained in interviewing techniques. Information
sought in these interviews ranged from use of NASA technical information by
»the interviewee to overall departmental and company information needs and
evaluations of MASA publications and relationships.

A total of 30 ihterviews in six different companies were conducted
between late May and mid-June of T979. Companies were located on the East
and West Coasts, as well as in the Midwest. The number of employees in the
six companies ranged from 8,000 to more than 100,000. Some companies had
very broad relationships with NASA, and all were currently working on at
least one NASA contract. Some companies were involved in manufacturing com-

ponents and other corporations produced completed aircraft.
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Multidimensional Scaling

Purpose of the Technique

‘Multidimensional scaling is a technique that_has onily recént]y been
applied to the study of human communication. It is based upon the premise
that an individual can identify the similarities (or dissimilarities) among
a set of objects or concepts which, when arrayed in a multidimensional space,
provide a good representation of the cognit%ve structure of that person
(i.e., the way the person thinks about that topic). The relationship
(similarity) between concepts is measured as a "psychological distance" using
“psychological units" in a manner similar to thevway that "physical distance"
may be measured in metric or English units. Psychological concepts'are
viewed as being distant from each other in the same way that physical objects
such as homes, cities, and aircraft are at varying distances from each other.
Concepts that are viewed as identical would have zero distance between them
Jjust as adjacent physical objécts are separated by zero distance; concepts
that are viewed as similar have small distances separating them; concepts that
are viewed as very dissimilar would be separated by large distances.

| For example, respondents in this study were asked to indicate the
difference (or distance) between the concepts "NASA Technical Information"
and "My Job." Persons who make frequent use of NASA technical information in
their jobs would indicate that these two concepts are quite close to one
another, say 10 to 25 units apart. People who do not use NASA technical
information in their jobs would indicate that the two concepts are quite far

apart, say 500 to 700 units apart or, perhaps, even farther apart.
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The study of communication assumes shared meaning for words. It is
critical for this type of research that the concepts chosen are actual words
and ideas.used regularly by the'group of respondents to be studied. The
words or concepts can be obtained by listening to conversations, can originate
from open-ended interviewing either in person or by telephone, or can be
found in open-ended written responses on questionnaires.

Typically, participants in a multidimensional study are requested to
estimate the distances émong all of the concepts in a concept set,-thus
providing a full matrix of distances much 1ike a table of inter-city distances
often associated with road or air maps. These data may be analyzed from a
variety of perspectives, but one of the most useful is to examine the rela-
tion between two primary concepts and the remainder of the set. This relation
can be studied to determine a message strategy which can be used to reduce
the distance between the two primary concepts; reducing this distance is
equivalent to making the two concepts more similar in the framework of
thinking of the persons involved. Thus, the selection of the primary concepts
is crucial.

In this studyﬂ the primary concepts are "NASA Technical Information" and
"My Job." The COncept'to be moved, called the start concept, is "NASA Tech-
nical Information;" the concept towards which the start concept is to be
moved, called the target concept, is "My Job." The following section describes

the multidimensional instrument developed for the present study.

MDS Research Instrument

As indicated above, the primary concepts used were "NASA Technical Infor-

mation" and "My Job." The other eight concepts initially were obtained by
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reviewing the mail questionnaires and telephone interviews. These concepts
were: timely, accessible, useful, adequate, respected, aeronautical, problem-
"solving, and ideas. ‘Each of these ten concepts was paired with each of the
.others, for a total of 45 pairs( Respondents were asked to indicate the
péfceived difference (or distance) between each of the paired concepts.

The MDS instrument was pilot-tested with 26 researchers in the first of
the six companies visited for personal interviews. The results from the
pilot test were analyzed, and several changes were made before continuing
with the other five companies. Two additional concepts were added: "aero-
space" and "basic research." The final instrument contained 12 concepts, for
a total of 66 different pairs. Also, the researchers were asked to choose
a position on a 0 to 9-point scale describing their work-orientation in terms
of "scientist” or "technologist." A "0" represented a "pure scientist orien-
tation" and a "9" represented a "pure technologist orientation." A scientist
was defined as a person who likes the theoretical aspects of ideas, theory
development and construction from those ideas, and one who may have published
and/or presented those ideas at scientiffc meetings. A technologist was
defined as a person who applies theories to produce better products for the
corporation or industry, and who enjoys applying new information to construct
technicé] advances or improvements. (See Appendix F for a copy of the MDS
questionnaires.) The purpose of distinguishing between scientists and
technologists was to attempt to determine if there were basic differences in
perception of the concepts and their relationships by the two groups. Some
recent research has indicated differences in the methods of acquiring and

using information between scientists and technologists.
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In all six companies, respondents were chosen that were likely to have
frequently used NASA technical information in performing their jobs. The
instrument was administered_in a group setting. A total of 101 completed MDS -
questionnaires was obtained from the remaining five companies.. The first
company was not included in the analysis because of the addition of the two
concepts, and because the work-orientation scale (e.g., scientist vs. techno-
logist) was not included in the pilot test.

Using a MDS computer analysis program, the data were processed separately
for the "scientists" and "technologists." The scientist/technologists
categories were determined by regrouping from the 9-point scale: position
points of 0-6 were relabeled "scientists" (50% of the group ), and position
points 7-9 were relabeled "technologists" (50% of the group). Results are

reported in the following chapter.

Data Analysis

The cut-off date for receipt of completed questionnaires was April 1,
1979. The 450 quest@onnaires received by that date were coded and the data
were processed.

The questionnaire data were analyzed using subroutines in the Statis-
tical Package for the Social Sciences (version 7.0) for the calculation of
the frequencies, percentages, means, standard deviations, correlation coeffi-
cients, and other statistics included in this report. A separate computer
program was employed for the multidimensional scaling analysis. A1l data

were processed on the Control Data Corporation 6600 computer at Michigan

State University.



Summary

This chapter described the methodology used in studying the dissemina-
tion and utilization of NASA technical information by executives, researchers
and librarians in 40 aeronautical companies. Several research techniques
. were used: mail questionnaires to all three respondent groups, persoha]
1ﬁterviews with senior level executives and department heads in six of the 40
companies, and multidimensional scaling with a separate group of scientists
and technologists in those same six companies. The criteria for choosing
the sample of companies to be included in the study were discussed, the data
collection techniques and the instrument designs were described, and the
analyses were explained. The results of this work are discussed in Chapter

Three.
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Chapter Three

FINDINGS




ORGANIZATION OF THE CHAPTER

Chaptef Three presents the major findings of the study. It is organized
into four sections: description of the sample, assessment of NASA technical
information, major issues, and the image of NASA technical information. The
description of the sample provides the details-of the companies and personnel
that participated in the study. The section on the assessment of NASA tech-
nical information provides the results for the closed-ended items fn the
Executive, Researcher/Designer, and Librarian Questionnaires. The major
issues section contains the results for the open-ended questions in the
Executive and Researcher/Designer Questionnaires and for the personal inter-
views with the executives. The image of NASA technical information provides
the results for the multidimensional scaling data obtained from the scientists
and technicians.

Information obtained in the executive interviews has been integrated
throughout the chapter to illustrate, amplify, or further clarify the data
and concepts discussed, though it has been used most frequently in the
section on major issues.

The section on major issues contains two levels of resolution. On the
macroscopic level, data are reported about the four major open-ended questions
asked: major information needs of the aeronautics industry, major benefits
of receiving NASA technical information, major inadequacies in NASA technical
information, and recommended changes. On the microscopic level, data are
reported on major issues of direct fe]evance to the assessment of NASA tech-

nical information: content, presentation, writing style, format and design,
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and methods of dissemination. While these two levels of resolution in
reporting the data are complementary, they are intended to provide different
perspectives on the assessment of NASA technical information.

| “Rather than a general summary atvthe end of the chapter, each section
contains its own summary and conclusions. This procedure has been employed
because of the large amount of data reported in this chapter; it also makes

it easier to inspect the data upon which the conclusions were based.

DESCRIPTION OF THE SAMPLE

This section of the report briefly describes the major features of the
samble selected for the primary mail questionnaire part of the study. The
40 companies sampled ranged from as few as 35 employees in one company to more
than 100,000 employees in several companies. The average number of employees
was 31,997.

Table 3 shows the data describing the average years in the company, the
average years in the industry, and the avérage age of the three primary groups
in the study: execu;ives, researchers, and librarians. The average age was
middle to late forties, the average length in the industry was at least twenty
years, and the average length in the company was fifteen years or longer. The
executives were somewhat older than researchers and librarians (four years),
had been in the industry three years longer than researchers, and had been
in their particular company two years longer than the researchers and four

years longer than the librarians.
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Table 3. General Characteristics of Executives, Researchers, and Librarians
in the Samplex

Characteristic Executives Researchers Librarians
Average Years with 1
Company 9 years 17 years : 15 years
Average Years in (question not
Industry 23 years 20 yeafs asked)
Average Age L9 years 45 years 47 vyears

*The data for this table come from the Executive Questionnaire, the Researcher/
Designer Questionnaire, and the Librarian Questionnaire, items #3, 4, and 5.

- Table 4 reports the data on the educational level of the respondents in
the sample. ATl but 8% had earned a bachelor's degree. An additional 46% of
the executives, 40% of the researchers, and 54% of the librarians had earned
one or more MA degrees. Twenty-six percent of the executives and 24% of the_
researchers had also received the PhD degree; none of the librarians possessed
a PhD degree. The table shows that the educational profiles of the execu-
tives and researchers are highly similar, with a few more executives having
earned graduate degrees than researchers.

Table 5 presents the job titles reported by the respondents. The primary

job titles listed by the executives were: Manager (43%), Director (26%),

Vice President (8%), Chief Engineer (8%); one corporation President was also
included in the study. For the researchers, the primary job titles were:
Engineer (26%), Manager (24%), Researcher (17%), Section Head (8%), Chief
Engineer (7%), and several other categories each of which totaled less than
seven percent. Only one percent indicated that they were at the director
level, and there were no presidents or vice-presidents in the researcher sub-

sample. The primary job titles listed by the librarians were: Chief
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Librarian (30%), Manager (25%), Librarian (23%), Supervisor (16%), and

Technical Librarian (7%).

Table 4. Level of Education Comparisons for Executives, Researchers, and
, Librarians (Highest Degree Earned)*

Education Level % Executives % Researchers % Librarians
PhD Degree : 26 24 0
Work Toward a PhD 0 1 0
Two or More MA Degrees 3 4 2
Master's Degree 43 36 52
Work Toward an MA < 1 1 0
Bachelor's Degree 24 31 36
Technical Degree 1 0 0
Other i 1 0
No Degree 0 < 1 7
No Response 0 i 2

*The data for this table come from all three questionnaires, item #6.

Table 5. Job Title Comparisons for Exeéutives,.Researchers, and Librarians*

Title Executives Researchers Librarians

Engineer 5% 26% 0% : f
Manager ' 43 24 25 i
Researcher . 0
Section Head/ManageH

Chief Engineer

Supervisor

Specialist

Chief Scientist

Staff Scientist

Director 2
Deputy Director <
Assistant to Vice President <
President

Vice President
Chief Librarian
Librarian

Technical Librarian
No Response
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*The data for this table come from all three questionnaires, item
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ASSESSMENTS OF NASA TECHNICAL INFORMATION

This section reports the data obtained from the closed-ended questions

of the primary mail questionnaires for executives and researchers. In addi-

tion, comments and information obtained from the personal interviews has been

jncluded in the text (the tables represent data from the questionnaires them-

selves).
(1)
(2)
(3)
(4)

This section is organized as follows:
Corporate Library Facilities

Sources of Technical Information

Sources for Learning About NASA Publications

Frequency of Use of NASA Documents, NASA-Authored Journal
Articles, and the Corporate Library by Industry Personnel

Automatic Distribution vs. Selective Ordering of Documents
Reasons for Not Receiving NASA Documents

Effort to Obtain NASA Documents Within Companies
Timeliness of NASA Technical Information

Value of STAR Categories and Subcategories

Evaluation of Specific NASA Aeronautical Publications
Industry Communication with NASA Personnel

a. Frequency

b. Importance

Executive Comparison of NASA and NACA

Accuracy of Industry Executives' Views of their Emp]oyeeé'
Relationships with NASA
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Corporate Library Facilities

In order to provide part of the context in which this study's data were
derived, it is helpful to briefly describe the library facilities (or infor-
mation center facilities) within the companies represented in the sample. The
data show that 32% of the companies have only one central library which
serves the entire company. The remainder of the companies (68%) have divi-
sional libraries in addition to a central library. In fact, data show that
there is an average of 13 divisional libraries per company. (see Librarian
Questionnaire, items #7 and 8). This suggests that the storage and retrieval
of technical information is important to companies and the functioning of
their employees.

The average number of full-time librarians employed in a company is 11
and 23% of the companies employ part-time librarians as well (see Librarian
Questionnaire, item #12). This further supports the important function
libraries serve for aeronautical companies.

An average company library contains 104,910 books and journals. This
ranges from as few as 100 volumes contained in a divisional library, to more
than 585,000 volumes in a central library (see Librarian Questionnaire, item
#11). This does not include the microfiche, manuals, newspapers, or technical
memoranda which would also be located there.

There is an average of 12 microfiche readers in each éompany, with a
range of from no microfiche reéders to as many as 45 readers. Because some
technical information is only available on microfiche copy, companies which
have no microfiche readers or very few readers for their employees, will be

at some disadvantage in obtaining the information they might need. Table 6
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. shows the distribution of microfiche readers and the percentage of companies

containing that number.

Table 6. Distribution of Microfiche Readers by Company*

Number of Readers Percentage of Companies
0 5%
1 1
2 9
3 11
4 9
5 S
6 14
7 5
8 5

10 2
12 2
22 5
25 5
Lo 2
b5 2

5

‘ No Response
: 1

*This table rpeorts the responses provided by 44 librarians
to Librarian Questionnaire, item #22.

o
o
e

Sources of Technical Information

Sources of A1l Technical Information

NASA technical information does not exist in a vacuum, but rather in the
context of all of the other, sometimes competing, technical information
currently available. To place the role of NASA technical information into
perspective, data were obtained about all major sources of technical infor-
mation, including those from NASA, which aircraft industry personnel considered
important in their work (see Executive Questionnaire, item #28, and Researcher/

Designer Questionnaire, item #19).

‘l" 35




Executives were asked the question, "Qut of all the technical information

publications your employees use, what do you consider to be the five most

important publications in he]ping them do their work?" The researchers were
asked the same quéstions about their own use of documents. A total of 1,698
responses were received on this question, 519 from executives and 1,079 from
researchers.

Data are reported in Table 7. As a group, journals other than AIAA
publications were listed as the most frequent sources of technical ihforma-
tion by both executives (30%) and researchers (28%). NASA publications were
the next most frequently listed source of technical information by both
groups (25% and 22%). A variety of other publications such as company
bulletins, textbooks, etc., were listed third (19% and 23%) for executives and
researchers with AIAA publications listed fourth (11% and 13%). These data
indicate that considering all of the technical information available to
industry personnel, NASA technical information is considered highly important,

second only to the major journals in the field considered as a group.

Sources for NASA T%chnical Information

The Librarians were asked to indicate the frequency with which they
ordered NASA technical documents from various sources, whether on automatic
distribution or b& individual copies (see Librarian Questionnaire, item #19).
Librarians were asked to mark all of the sources that applied. The data in
Table 8 indicate that the two primary sources for obtaining NASA documents
are NTIS (84%) and‘STIF (70%). DDC (52%) and NASA Research Centers (50%)

were also mentioned by at least half of the librarians.

36




‘ Table 7. Most Important Technical Information Publications Used by Executives
and Researchers in Their Work#*

Publications - % Executives % Researchers

NASA and NACA Publications

Technical Reports/Papers 8 7
TM's/CR's/TD's 5 4
STAR 3 4
Briefs/Memorandum 2 2
Contractor Reports 2 1
SCAN ] ]
NACA Publications 1 ]
Other 3 2
TOTAL NASA AND NACA 25% 22%
AlAA Publications
Journals N I
Technical/Symposia Papers 3 4
Journal of Aircraft 3 3
Other i 2
TOTAL AIAA Publications 11% 13%
. Other Journals
Technical Society Journals 4 4
Aviation Week 4 3
Astronautics & Aeronautics 1 2
Journal of Fluid Mechanics 0 |
Other Technical Journals 4 3
Trade Magazines 0 2
Other Journals 17 13
TOTAL Other Journals 30% 28%
Air Force Publications 6% 5%
ASME Publications Ly Ly
IEEE Publications by 3%
AGARD 1% 2%
Other Publications (each chosen less than
12), including abstracts, company 19% 23%

bulletins, texts, etc.

*This table is based on a total of 1,698 responses, 519 from executives and
1,079 from researchers.
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Table 8. Sources Used by Librarians for Obtaining NASA Technical Documents¥

Source Frequency Percentage**
NTIS 37 84%

- STIF 29 70
poc 23 52
NASA Research Centers 22 50
University Microfilms 19 43
AGARD 13 30
Directly from Authors 11 25

*From Librarian Questionnaire, item #19.

*%| jbrarians were free to mark more than one category; percentages, there-

from 44 1ibrarians.

fore do not total to 100%.

Librarians were also asked to provide specific estimates of the number

Results are based upon responses

of NASA documents ordered from different sources during 1978 (see Librarian

Questionnaire, item #27).

in

STIF. The data that are reported in Table 9 are the average number of

Estimates were obtained for all categories included

documents ordered by corporate librarians from each source during 1978. The

two most frequent sources for obtaining NASA documents were DDC with an

}

average of 368 documents (42%) and NTIS with an average of 346 docuemnts (39%).

The average number ordered directly from STIF (52) constituted only 6% of

those ordered.

Librarians indicated that the reason for the low number of

documents ordered directly from STIF is that STIF provides documents only on

automatic distribution.

The data reported in Table 9 provide a much better

picture of the source for obtaining individual copies of NASA technical publi-

cations than do the data reported in Table 8; clearly most of the individual

copies ordered are obtained from DDC and NTIS.
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Table 9. Average Number of Individual Copies of NASA Documents Ordered from
Difference Sources by Librarians During 1978«

Source Average Frequency Percentage
DDC - 368 42%
NTIS ' 346 _ 39
STIF 52 6
NASA Research Centers 29 3
Directly from Authors 7 1
Other 15 3
TOTAL 877 100%

*See Librarian Questionnaire, item #27; data are the average number of docu-
ments reported ordered by the 44 librarians.

Sources for Learning About NASA Publications

An important question in the evaluation of the NASA distribution system
is how (or where) industry users learn about NASA publications that are avail-
able through the system and are potentially useful for their work. Re-
searchers (but not executives) were asked to indicate their sources for
Tearning about NASA publications. Data are reported in Table 10.

The largest percentage of researchers (30%) indicated that they learn
about NASA publications through newsletters typically prepared by their
corporate library or information services; 21% said that they learn about
NASA publications through the STAR Index. The next most frequently used
sources of information about NASA publications were NASA contacts (15%) and
reading journal articles (]5%), followed closely by contacts with colleagues
inside the company (12%). NASA Technical Brief/SCAN and contacts with other
colleagues outside their own company were ranked at the bottom of the list

with 4% and 2%, respectively.
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Table 10. Rank Ordering of Researchers' Sources for Learning About NASA
Publications*
Rank Source Percentage
1 Newsletters 30%
T2 STAR Index 21
3 NASA Contacts 15
4 Reading Journal 15
1 5 Colileague Inside Company 12
| 6 NASA Technical Brief/SCAN 4
| 7 Colleague OQutside Company 2

No Response

1

*See Researcher/Designer Questionnaire, item #16.

| mation services which prepare and distribute newsletters containing abstracts
‘ and bulletins about new NASA publications are a crucial link in the dissemina-
tion of NASA documents.
industry personally determine what is available.

industry relies as heavily upon their direct contacts with NASA personnel as

they do on reading jéurna] articles.

the aircraft industry read NASA documents and journal articles authored by
NASA scientists.
researchers in the study were asked to indicate their use of NASA documents

in the performance of their work.
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Frequency of Use of NASA Documents, NASA-Authored Journal

These data suggest that the industry's corporate libraries and infor-

The STAR index is also quite important in helping

It also appears that the

Articles, and the Corporate Library by Industry Personnel

Little is currently known about the fregquency with which personnel in
To provide information on this question, executives and

Researchers were also asked to estimate how




often they read journal articles that are authored by NASA scientists and
how often they use their corporate library. Data are reported in Table 11

where the numbers represent the average responses rounded to the nearest whole

number.

Table 11. Frequency of Use of NASA Documents, NASA-Authored Journal
Articles, and the Corporate Library by industry Personnel

Question Executives Researchers

Frequency of use of NASA documents .
_in performing their work 27/yr : 32/yr

Number of journal articles authored e
by NASA personnel read per year QNA 17/yr

Number of times per year they use
the corporate library QNA bi/yr

*Numbers represent the average (arithmetic mean) responses rounded to the
nearest whole number provided by executives (see Executive Questionnaire,
item #7a) and researchers (see Researcher/Designer Questionnaire, items #8a,
12a, and 7a).

*%Question Not Asked.

Executives report using NASA documents on an average of 27 times per year
which, assuming 240 working days per year, is roughly once every two weeks.
Researchers report using them more frequently, 32 times per year or approxi-
mately once every seven days. Additionally, the researchers indicate that
they read articles authored by NASA scientists about 17 times per year which
averages out to about once every two weeks. The researchers also report
that they use their corporate library 41 times per year, which is about once
per work week. These data suggest that executives in the aircraft industry
read NASA documents about twice a month and researchers read a NASA document

or journal article authored by NASA scientists roughly once per week.
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According to the librarians, the average number of employees served by
the library in a company was 5,782. During a typical month, an average of
1,206 employees (21% of the 5,782 employees) actually use the library (see

Librarian Questionnaire, items #10 and 15). When the librarians were asked

‘to estimate the number of people who read NASA publications in a typical

month, either in the library or elsewhere (see Librarian Questionnaire, item
#21), they responded with an average of 234 people, 4% of the total number
served. ‘

The .comparisons of the librarian, executive, and researcher data indi-
cate some discrepancy about frequency of use of NASA documents; i.e., the
librarians indicate a lower amount (4% of the number possible) than do the
executives or researchers. However, it is difficult to determine whether
this is significant because data are not available about the actual number
of researchers or executives in a company. For example, the 4% of the users
may be those actually represented in the respondent samp]é for this study,
or it may indicate that the executives and researchers are overestimating
their frequency of use of NASA documents.

}

Automatic Distribution vs. Selective Ordering of Documents

The participants in the study-were asked how many times during the past
year they personally ordered a document from NASA. In the case of the execu-
tives, they were asked how many times they ordered documents directly from a
NASA research center; the researchers were asked how many documents they had
ordered directly from NASA or a NASA research center. The results are shown

in Table 12.
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‘ Table 12. Number of NASA Documents Personally Ordered Directly from NASA
or a NASA Research Center in the Past Year=

Number of Documents Ordered Executives . Researchers

0 LB L3%

1 11 S

2 16 14

3 5

4 4

5-10 10 13

> 10 5 '

Average number ordered
(between 1 and 10)#** 3.15 3.52

, *This table reports data from the Executive Questionnaire, item #19 and the

i Researcher/Designer Questionnaire, item #15. The wording of the two ver-
sions of the question is slightly different (see text for discussion).

**The numbers should be read as the percentage of persons indicating that

during the past year they ordered the number of documents listed in the
left hand column.

***These averages are for those who ordered at least one document during the
‘ past year (i.e., subtracting out those who did not order any documents);
those in the category > 10 were also subtracted out in order to control
for the effect of outliers on the mean.

Nearly half (48%) of the executives indicated that they had not ordered
any documents over the past year. Almost as many researchers (43%) reported
the same fact. The ndmber of documents ordered by the largest percentage of
executives (16%) was two; the number of documents ordered by the largest
percentage of researchers (14%) was also two. An average (arithmetic mean)
was calculated for those who had ordered between one and ten documents. (The
five in each group who had ordered more than ten documents were deleted from
the analysis to control for the effect of extreme scores on the mean.) As

Table 12 indicates, the executives ordered an average of just over three




documents last year, while the researchers ordered just over three and a half
documents each. -
Table 13 provides the categories of NASA technical information received
on automatic distribution by the compénies.in the present study. A1l the
companies receive at least half of the categories, with the categories of
aeronautics, engineering, and math and computer science received’most fre-
quently. Astronautics, geosciences, and space sciences are received least

frequently on automatic distribution.

Table 13. Automatic Distribution and Individual Ordering of NASA Technical
Information in STAR Categories¥*

% of Companies % of Companies

Category Receiving Ordering
Aeronautics 77% 32%
Engineering 73 27
Math and Computer Science 7 30
Chemistry and Materials 68 27
Physics 66 23
Social Sciences 59 16
Life Sciences i 57 21
Astronautics 55 23
Geosciences 55 16
Space Sciences 52 30

*This table reports data from the Librarian Questionnaire, items #17 and 18.

In addition to receiving documents on automatic distribution, almost two-
thirds (61%) of the companies order indiviudal copies, primarily because of
employee requests for specific information. Table 13 also indicates the
categories ordered individually by company libraries. The data indicate that
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the categories of aeronautics, math and computer science, and space science
are ordered most frequently. Life science, geoscience, and social science are
individually ordered least frequently.

When librarians were asked who orders individual copies of documents
requested by an employee (see Librarian Questionnaire, item #23), 91% of
the 1ibrarians responded that only the library does the ordering. The data
indicate that 77% of the companies have a company policy that only the library

does the ordering (see Librarian Questionnaire, item #24).

Reasons for Not Receiving NASA Documents

The 1ibrarians indicated that often a NASA document is specificaily
requested by an employee but it is not available in the cbmpany library.
During 1978, several reasons were given for this unavailability when a docu-
ment is needed. Table 14 summarizes the reasons given by librarians, and
indicates the percent of times this has occurred. According to the table,
the most frequent reason is that the do;ument was referenced in STAR but is
not on automatic distribution (55% of the time).

The cost of subscribing to automatic distribution was also considered as
a possjb]e reason for not receiving NASA documents. Data were collected using
a seven point scale ranging from "1" (very unimportant) to "“7" (very impor-
tant). Librarians were asked to determine how important cost is in deciding
to continue on automatic distribution. Data are reported in Table 15. The
responses have been grouped into four categories: very unimportant (options 1
and 2 on the scale), unimportant (option 3), important (option 5), and very

important (options 6 and 7). The data indicate that half (49%) of the
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librarians perceive cost as a factor in determining whether their company

receives NASA technical information on automatic distribution.

-

Table 14. Reasons Provided by Librarians for Not Receiving NASA Documents#*

Reasons Percent

The document was referenced in STAR but was not on automatic

55%

distribution.
The document was supposed to be in the automatic distribution " 20
package but was never received.
The document was not in the STAR Index subject categories 1
received on automatic distribution.
Additional copies were not available. 9
The copy was lost. ) L
The company only receives hardbound copies on automatic dis- 1
tribution, and the document was available only on microfiche.
' 100%

*This table reports data from the Librarian Questionnaire, item #26.

Table 15. Importance of Cost as a Factor in Receiving Automatic Distri-

bution%
Importance Lev?l Percent of Librarians
Very unimportant (1-2)** 21%
Unimportant (3) 16
Important (5)*#x 14
Very important (6-7) 35

*Data in this table come from the Librarian Questionnaire, item #29.

**A seven interval scale ranging from '"1' for ''very unimportant' to "7'' for
''very important' was used to obtain the data. Responses are reported here
which combined the categories as shown by the numbers in parentheses.

***To simplify the table, the percentages in the middle category, neither
important nor unimportant (4), are not included above. This middle cate-
gory figure is 14%.
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Effort to Obtain NASA Documents Within Companies

It is a common occurrence in organizations for important information to
be ignored simply because employees perceive that it requires too much effort
to obtain it. In order to ascertain the amount of effort required to obtain
NASA information, the respondents were asked to indicate how much effort it
took for them to acquire it from within their own organization. The qualifier
"within their own organization" should be emphasized, since the focus of the
question is on the respondent's own organization, rather than the‘effbrt it
takes to obtain NASA documents directly from NASA. Thus, regard]eés of
whether it is easy or difficult to obtain documents directly from NASA, if
company policy dictates that employees utilize their corporate library faci-
1ities rather than ordering documents directly, and if that process does not
work well, then one potential problem source in distributing NASA information
to aircraft industry personnel could well be the companies themselves.

Data were collected using a seven point scale ranging from "1" repre-
senting "very little effort,"” to "7" representing "very much effort."
Executives were asked to estimate the effort required on the part of their
employees; researchers reported on their own experience in obtaining NASA
documents through their organizations. Data for this item are reported in
Table 16. The responses have been grouped into three categories: very little
efforf (options 1 and 2 on the scale), moderate effort (options 3, 4, and 5),
and very much effort (options 6 and 7). The arithmetic mean for both execu-
tives and researchers is also reported.

Table 16 indicates that 51% of the executives think that their employees

have very 1little effort obtaining NASA documents within their company; 73%
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of the researchers report very little effort. Forty-five percent of the
executives believe that their empioyees must expend a moderate amount of
effoft to obtain documents, but only 23% of the researchers report that they
need to spend a moderate amount of effort. Only 4% in eithef group indicated
that a great deal of effort was required to obtain the documents. The mean

of the effort ratings for executives was 2.76 and for the researchers 2.22.

Table 16. Effort to Obtain NASA Documents Within Companies*

Amount of Effort Executives Researchers
Very little effort (1-2)%** 51% 73%
Moderate effort (3-5) 45 23

Very much effort (6-7) N N
Average amount of effort*** 2.76 2.22

*Data from Executive Questionnaire, item #18 and Researcher/Designer Ques-
tionnaire, item #13. Executives were asked to estimate the effort required
for their employees; researchers reported their own views.

**A seven interval scale ranging from ''1'" for ''very little effort" to "7"
for ''very much effort'' was used to obtain the data. Responses are
reported here which combined the categories as shown by the numbers in
parentheses.

***The data in this row report the average (arithmetic mean) for each of the
two groups. j

The percentages and the averages indicate that employees need to spend
relatively Tittle effort to obtain NASA documents through their companies.
Furthermore, the executives appear to think that their employees expended some-
what more effort than the employees report actually spending. While the
difference is not large, this finding does suggest that companies' infor-
mation services may be working more effectively than executives realize.

These data also suggest that the companies themselves are not a major source
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of problem for the distribution of NASA documents, at least from the perspec-
tive in industry personnel.

.Most of the executives interviewed in person gave their libraries high
grades for their ability to obtain information needed, reporting that from
75% to 90% of the time their librarians éither.have the information available
within the company or are able to obtain it in a reasonable amount of time

from outside sources.

Timeliness of NASA Technical Information

Highly competitive fields such as the aircraft industry rely heavily on
the rapid acquisition and utilization of new technologies. Putting aside
the question of whether NASA is producing the needed new information, the
question remains as to whether the new information which is currently avail-
able within NASA is being disseminated in time to be of use to the industry.
Thus, the focus of this section is on the timely dissemination of information
and not on the creation of information.

Researchers were asked to indicate how timely the information was that
they receive from NASA; executives were asked the same question with respect
to the information received by their employees. The responses are provided
in Table 17 and show a reasdnably consistent pattern. Twenty-six percent
of the executives and 30% of the researchers indicate that they receive the
information during the beginning or planning stages of their projects; 65%
of the executives and 58% of the researchers indicate that they receive it
while they are working on or are in the middle of the project. Only 8% of

the executives and 11% of the researchers indicate that they receive

49



information too late in the project to be of use in their work.

Table 17. Timeliness of NASA Technical Information*

Responses Executives Researchers
Receive information in beginning or planning -
stages. 263 302
Receive information during the middle of the 65 58
project.
Receive information after it is too late to 8 1
use.

*This table reports the responses provided by 144 executives to Executive
Questionnaire, item #17, and by 289 researchers to Researcher/Designer
Questionnaire, item #14,

These findings suggest that NASA is doing a reasonably good job in
gettiné the information it produces to the aircraft companies before it is
too late to be of usé in the companies' projects. They also suggest that the
expenditure of some effort may be justified in order to get more of the
information to the companies during the planning/beginning stages of the
project, rather than during the working phase.

Librarians wereiasked how long it takes to receive a NASA document after
it has been released or ordered. Table 18 indicates that it takes-an average
bf 19 days to receive a NASA document, with a range from nine to 30 days. No
data are available on the length of time it takes to receive documents that

are ordered directly from NASA (i.e., not on automatic distribution).
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. Table 18. Length of Time to Receive NASA Documents on Automatic Distri-
‘ bution*

Number of Days to Receive % of Librarians Responding

1% ]
e

9
10
14
15
16
17
18
20
2]
25
27
28
30

No Response

® 100%

*This table reports the responses provided by 44 librarians to Librarian
Questionnaire, item #25..

—
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Value of STAR Categories and Subcategories

In order to provide NASA with information pertaining to the relative
value of the various STAR categories and subcategories, participants in the
study were asked to rank order the ten categories in STAR and the nine sub-
categories in the aeronautics category in terms of their usefulness and value.
Executives were asked to perform the evaluations on the basis of the benefits
for their own company; researchers were asked to rank the categories in térms

of the benefits for performing their own work.
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Data for the value of the STAR categories as ranked by both executives
and researchers are shown in Table 19. The rankings are remarkably similar.
Aeronautics, engineering, and mathematics and computer science were the top
three ranked categories for executives; researchers also chose engineering,
aeronautics, and mathematics and computer science as the three most valuable
categories, though they chose the first two in the reverse order from that of
the executives. The dn]y real difference in the ranking was on the category
of chemistry: executives ranked it fourth with a mean of 4.4, while |
researchers ranked it seventh with a mean of 5.8. The bottom three ranked

~categories for both groups were geophysics, 1ife science, and social science.

Table 19. Comparison of Order of Value of STAR Categories*

Executives Researchers
Rank#*#* Category Mean Rating Rank Category Mean Rating
Aeronautics 2.7 1 Engineering 2.6
Engineering 3.0 2 Aeronautics 3.3
Mathematics and ' 4.0 3 Hathematics.and 4.4
Computer Science Computer Science
4 Chemistry ¢ L. 4 L  Astronautics 4.9
5 Astronautics 4.7 5 Physics 5.0
6 Physics 5.1 6 Space Science 5.4
7 Space Science 5.5 7 Chemistry 5.8
8 Geophysics 7.5 8 Geophysics 7.6
9 Life Science 7.51 9 Life Science 8.2
10 Sacial Science 9.0 10 Social Science 9.2

*From Executive Questionnaire, item #26, and Researcher/Designer Question-
naire, item #17.
*%''1" represents most valuable and ''10" least valuable.
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Data for the comparative value of the Aeronautical Subcafegories are
shown in Table 20. Both executives and researchers indicated that aero-
dynamics and aircraft design are the first and second most <important cate-
gories. Both groups ranked aircraft stability, general aeronautics, aircraft
propulsion and aircraft research as third through sixth in importance, though
they did so in different order. The largest difference in ranking was for
aircraft stability; executives ranked this subcategory third in importance
with a mean of 4.2, while researchers ranked aircraft stability as fifth in
importance with a mean of 5.0. The three least important categories were

aircraft instrumentation, transportation, and communication.

Table 20. Comparison of Order of Value of Aeronautics' Subcategories¥*

Executives Researchers
Rank** Category Mean Rating Rank Category Mean Rating
] Aerodynamics 2.9 1 Aerodynamics 3.4
2 Aircraft Design b 2 Aircraft Design 3.7
3 Aircraft Stability h.2 3  Aeronautics General by
4 Aeronautics General 4.k 4 Aircraft Propulsion 4.8
5 Aircraft Propulsion 5.0 5 Aircraft Stability 5.0
6 Aircraft Research 5.5 6 Aircraft Research 5.2
7 Aircraft Instrumen=~ 5.6 7 Aircraft Instrumen~ 6.8
tation tation
»8 Aircraft Communi - 6.0 8 Aircraft Transpor- 7.1
cation tation
9 Aircraft Transpor- 6.1 9 Aircraft Communi- 7.2
tation cation

*From Executive Questionnaire, item #27, and Researcher/Designer Question-
naire, item #18.
*#*'1" represents most valuable and ''9" least valuable.

583




Evaluation of Specific NASA Aeronautical Publications

This seciion reports the results of the assessments made by industry
personnel of specific NASA aeronautical articles issued during the first 10
months of 1978 that they had read. For each article they evaluated, respon-
dents were asked to indicate where they learned about the article, how much
they had read, whether they had referenced the article in a publication, and
their assessment of the article on nine dimensions. It is important to
emphasize that unlike previous studie; (as well as the other sections of this
study) respondents were evaluating specific NASA publications they had read.

In Chapter Two it was indicated that there were 340 articles listed in
STAR for the time period of the research; each reépondent was asked to review
only one-fourth of the sample, or 85 articles. Researchers indicated having
read or seen 257 of the 340 articles or 76%. They evaluated 232 of the 257
articles (or 68%) of the population of 340 articles. Table 21 indicates how
many times each of the articles was evaluated. Slightly less than half of
the articles were evaluated once. Twenty percent of the articles were evalu-
ated by two respoannts; 15% of the articles were evaluated by three respon-
dents. The most number of times any one article was evaluated was seven, but
that occurred only 1% of the time. The number of times each article was
evaluated can be converted into the total number of evaluations made across
the entire set of documents, which is reported in the final column of the
table. As can be seen, a totai of 500 article evaluations were received.

Table 22 reports the number of times that documents within each of the
subcategories of "aeronautics” were evaluated. The largest number of evalua-

tions were received for documents in the aerodynamics and propulsion
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categories. These figures give a good indication of the relative importance

of each of the subcategories to the sample of respondents.

Table 21. Number of Evaluétions of Specific NASA Aeronautical Articles*

Number of Evaluations

Total

per Article Frequency Percentage Evaluations

One 111 L8% 111
Two L7 20 94
Three : 35 15 105
Four 18 b 72
Five 10 4 50
Six 9 4 54
Seven 2 ] 14

Total 232 500

*Data from Researcher/Designer Questionnaire.

Table 22. Number of Evaluations of NASA Technical Articles by ''Aeronautics'’

Subcategories*

Subcategory Number Percentage
Aerodynamics 203 Ly
Propulision 119 24
Design 57 1
Stability 47 9
General Aeronautics 33 7
Communication and Navigation 13 3
Transportation and Safety 12 2
Research and Support ' 9 2
Instrumentation 1 ]

Total 500

*Data from Researcher/Designer Questionnaire
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" Respondents were asked to indicate how they first became aware of each
of the documents they evaluated. Data are presented in ranked order in
Table 23 and show that the researchers became aware of NASA documents most
freqyent1y through communication Withfn their own organization (30%). The
second most frequent way of learn about NASA documents was through STAR (21%).
The third most important form for learning about documents was through face-
to-face communication with NASA personnel (11%). Of all remaining sources,’

each was used less than 10% of the time.

Table 23. Rank Order of Sources for Learning About Specific NASA Aeronautical

Articles*

Raﬁk Source Percentage
1 Communication with colleagues in own organization 30%
2 Abstract in STAR 21
3 Face-to~face communication with NASA personnel 11
4 Abstract in SCAN 8
5 Corporate library publication 7
6 Technical journal 3
7 Telephone communication with NASA personnel 3
8 Communicatfon with colleagues in other organizations 3
9 Abstract in 1AA ]

10 Written communication with NASA personnel 1
1 Miscellaneous 12

*Data from Researcher/Designer Questionnaire, Abstract Evaluation, item #1.

In order to determine the amount of the article actually read that each
assessment was based upon, as well as to provide information on the extent
to which articles are read, respondents were asked to indicate what percentage

of each article they had read. Data are presented in Table 24. Almost half
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of all respondents (47%) reported having read all of the document they
evaluated and 80% reported reading half or more of the document. Only 20%
evaluated documents of which they had read less than half. Although not all
NASA documents may héve been read this closely, it appears that the documents

evaluated for this study had been extensively examined by the researchers.

Table 24. Amount of NASA Aeronautical Articles Read*

less than one three
one-tenth quarter half quarters all
Amount read 10% 10% 22% 10% L7%

*Data from Researcher/Designer Questionnaire, Abstract Evaluation, item #11.

Researchers also indicated the frequency with which they referenced the
specific NASA technical articles they were evaluating in an in-house publi-
cation or in a technical publication. The data in Table 25 indicate that
three-fourths of the respondents had not referenced the NASA technical
articles in an in-house publication, 13% referenced it once, 9% twice, and
the remaining 4% referenced it three or more times. With regard to other
technical publications, 91% indicated not having cited the articles, 4%
referenced them once, and another 4% referenced them twice.

Table 26 contains a summary of the data reported by the respondents in
evaluating specific NASA documents. Respondents used a scale ranging from
"1" for "very unimportant" to "7" for "very important" to evaluate each
article on nine dimensions. Data in the table have been grouped into fourb
categories by the scale numbers shown in parentheses below each evaluation

Category. Clearly the respondents saw the most important aspect of the
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articles they evaluated as maintaining their professional awareness; 71%

said that the articles were important or very important for this function.
Equally as clearly, the respondents indicated that the articles were unimpbr-
tant for saving their company money and for saving person hours on the work
prdject; 24% said they were important for saving money, 31% said they were

important for saving time.

Table 25. Extent of References of NASA Aeronautical Articles in In-Hoﬁse
and Other Industry Technical Publications®*

not three or
referenced once twice more times
Referenced in an in-house
publication 78% 13% L b3
Referenced in a technical 91% b3 b 2%

publication

*Data from Researcher/Designer Questionnaire, Abstract Evaluation, items #9
and 10.

The remaining six evaluation dimenions are somewhat more complex to
interpret. Responde?ts indicated that two of the dimensions were somewhat
more important than unimportant: providing new ideas (46% to 34%) and vali-
dating their own research (43% to 38%). On the other four dimensions,
respondents indicated that the articles were somewhat less important than
unimportant: preventing duplication of work (40% to 44%), improving the
quality of work (39% to 41%), helping to apply their own ideas (38% to 41%),
and suggesting alternative methods (37% to 43%). {

Taken together, these data indicate that industry perspnne] consider

NASA technical publications more important for maintaining professional ‘
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awareness, as a source for new ideas, and as a way to validate their own
research. Important, though somewhat less so, are helping apply their own
ideas, preventing duplication of work, suggesting alternative methods, and
improving the quality of work. Least important are savihg time and money in

the work project.

Industry Communication with NASA Personnel

Frequency

Reading technical publications and articles is not the only way in which
industry personnel learn about research findings and projects being generated
by NASA. Various forms of direct, personal communication with NASA personnel
are an important, and in some cases the primary, source of new information.
Yet little is known about the frequency and importance of these communication
and information links, especially from the viewpoint of industry personnel.
Consequently, executives and researchers were asked to estimate the frequency
with which they communicate with NASA personnel (see Executive Questionnaire,
items #8a - 10a, anpd Researcher/Designer Questionnaire, items #9a - 11a) and
to indicate the importance of the various forms of contact. The data on
frequency of contact are reported in this section; the data on the importance
of the contacts are discussed in the following section.

Three types of contacts were examined: (1) direct face-to-face communi-
cation, (2) telephone conversétions, and (3) written correspondence. The
results are presented in Table 27, where the data are reported separately
for the two groups, and as averages (rounded to the nearest whole number)
per year. Both groups were free to estimate their frequency of contact either

by month or by year.
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Table 27. Frequency of Executive and Researcher Communication with NASA

Personnel
Type of Communication Executives Researchers
Direct, face-to-face communication 16/yr* 8/yr
Telephone conversations . 22/yr 19/yr
Written correspondence : 10/yr 1/yr

Totals L8/yr 3b4/yr

*Numbers represent the average (arithmetic mean) responses rounded to the
nearest whole number provided by executives (see Executive Questionnaire
#8a - 10a) and by researchers (see Researcher/Designer Questionnaire #9a =
11a).

For face-to-face communication, the executives reported an average of
sixteen contacts per year, while the researchers reported only half as many
contacts per year (8 contacts). Executives and researchers had about the
same level of frequency of telephone conversations with NASA personnel; 22
per year for the executives and 19 per year for the researchers. Executives
reported corresponding with NASA personnel slightly under once per month
(10 times per year), while researche}s réported corresponding at about half
that rate, seven times per year. |

As the final line of Table 27 indicates, when all three forms of communi-
cation are combined, the average number of total contacts per year is 48 for
executiQes and 34 for researchers. In other terms, this averages out to

around one contact per week by executives and one every ten days or so for

researchers.

Importance

To indicate how they viewed the importance of their communication with

NASA personnel for all three types of communication, respondents were provided
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a seven point scale which ranged from "1" representing "very unimportant" to
"7" representing "very important." The data are presented in Table 28, where
the numbers on the seven point scale have been combined into four categories:
very unimportant, items 1 and 2; unimportant, item 3; important, item 5; and
very important, items -6 and 7. Data are reported as percentages of the total
number of executives and researchers responding to each question; there are
less than 1% unusable data for each question.

Executives report that direct, face-to-face communication is Very
important (42%) and twice as important as written correspondence (21%) with
NASA personnel. The same result also holds, though not quite so strongly,
for the researchers; 38% said face-to-face communication was very important
while only 22% said that written communication was very important. A third
of the executives (35%) indicated that the telephone was a very important
means of communication with NASA personnel, while 40% of the researchers
indicated that it was very important. Executives consider face-to-face
communication more important than telephone communication (42% to 35%), but
feséarchers see it as about the same in importance (38% for face-to-face
versus 40% for the &e]ephone).

When Tables 27 and 28 are examined together, several findings emerge.
Executives communicate twice as frequently by telephone-as by face-to-face
communication, but they consider face-to-face communication to be more
important. Executives write less frequently to NASA personnel than communi-
cate orally, and they consider writing much less important. Researchers have
face-to-face communication with NASA personnel only about half as frequently
as executives, but they rate it almost as high in importance. They speak on

the phone a little less frequently than do the executives, but they rate it
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Table 28. Evaluation of Importance of Communication with NASA Personnel*
Type of Communication Executives Researchers
Direct, face-to-face
Very unimportant (1,2)%* 25% 4% 30%
Unimportant (3) 6 5
Important (5)##*#x 16 16
Very important (6.7) 42 38
Telephone
Very unimportant 26% . 28%
Unimportant 6 5
Important 16 16
Very important 35 ko
Written correspondence
Very unimportant 37% 38%
Unimportant 1 8
Important 21 14
Very important 21 22

*This table reports the responses provided by 144 executives to Executive
Questionnaire, items #8b -~ 10b and by 289 researchers in Researcher/
Designer Questionnaire, items #9b - 11b.

**A seven point scale ranging from "1'' for '‘very unimportant'' to ''7" for
""'very important' has been divided into four categories as indicated by
the numbers in parentheses.

*%*A]11 percentages total to 100% which constitutes the number of people
answering the question. In almost all cases there was less than 1%
of 'no response,' wrong codes, or missing data.

****To simplify the above table, the percentages are not reported for the
middie category, neither important nor unimportant (4). These percen-
tages are: Direct, face-to-face, 11% for executives and researchers;
Telephone, 18% for executives and 11% for researchers; and Written
Correspondence, 10% for executives and 18% for researchers.
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higher in importance than do the executives and higher in importance than
they rate face-to-face communication. Researchers do not write frequently to
NASA personnel, even less than do the executives, and they do not consider

it a very important form of communication. One plausible explanation for
this finding offered by a number of executives in the personal interviews

is the necessity for quickly obtaining information when a company is working
on a project; typically, written requests take the greatest amount of time
and are, consequently, often the least desirable.

The executives made a number of other observations during the personal
interviews which are relevant to the communication between NASA and the
aircraft companies. Most executives indicated that they thought the direct
contact between the two was highly important. Though they recognized the
financial constraints on both NASA and their own firms, most thought that an
increase in direct, personal contact would be desirable and beneficial.
Several executives felt that NASA and the companies ought to visit each other
on an equal frequency rather than the industry visiting NASA most of the time
as is currently the case.

When asked about the objectives that such visits ought to accomplish,
executives said such things as "keep the companies abreastof current NASA
projects and the state of the art," "teach new techniques and help industry
personnel develop technical understanding in specific subject areas," "discuss
objectives, schedules, resources and problems pertaining to future contract
areas," and "discuss problems of contracts in progress."

One executive indicated that NACA had a "committee" with people from
NACA, universities, and industry which met a couple of times per year. It

produced a newsletter which was informal but focused on the relative
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importance of various research endeavors. Though it had the image of a think
tank, it greatly benefited the industry by evaluating different ideas and
communicating that to the aeronautical industry. While he recognized that
other cbmmittees exist today,'he felt that this particular "prioritizing"

function has disappeared in recent years and should be reinstituted.

Executive Comparison of NASA and NACA

Executives, particularly those who have been a part of the aircraft
industry for more than 25 years, sometimes have occasion to compare the
functioning and performance of NASA with its predecessor, the National
Advisory Committee on Aeronautics (NACA). In order to determine how NASA is
viewed relative to NACA, industry executives were asked to respond to five
questions which compared the two organizations (see Executive Questionnaire,
items #21 - 25). The same issue was also discussed in the executive personal
interviews. In this section we report the findings from both the question-
naires and the interviews.

Of the 144 executives in the study, 90 (63%) indicated that they had
direct, personal experience with NACA. The data for the respohses by the 90
executives to the five questions are reported in Table 29. The first question
asked whether the executives thought it is easier for their employees to
apply the information found in the present NASA publications than it was in
the earlier NACA publications. Twenty-seven percent strongly agreed and
another 21% mildly agreed that present NASA publications are easier to apply
than the earlier NACA ones. Only 20% either strongly or mildly disagreed

with this item. These data indicated that the executives generally feel that
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their employees find it easier to apply information found in NASA publications

than that which was contained in NACA publications.

Table 29. Executive Comparison of NASA and NACA*

Evaluation**

Strongly Mildly Mildly Strongly

Agree Agree Disagree Disagree
Statement (1-2) (3) (5) (6-7)°

Easier to apply information found

in NASA documents 27% 21% 103 10%
Easier to validate findings with

NASA documents*#®* 19 25 8 1
Better job of providing alternative 21 1 | 1

methods with NASA documents 3 .9
Better job of helping to cut costs 15 12 1 10

with NASA documents#*#*
Information from NASA is superior 26 13 19 13

*From Executive Questionnaire, items #21 - 25. Of the 144 executives in
the study, 90 reported personal experience with NACA. This table-is based
on these 90 responses.

**To simplify the presentation in the above table, the percentages for the
agree nor disagree are not included. These percentages for each item are:
1. (Easier to apply), 32%, 2. 37%, 3. 36%, 4. 52%, 5. 29%.

*%*To control for response order bias, the wording of these two items in the
questionnaire is opposite of that presented here (see items 22 and 24).
For consistency of presentation with the other three items (#21, 23, and
25), the wording and data have been reversed in this table. The table may
be read correctly as presented without any loss of information or altera-
tion and interpretation.

The second question asked whether it was easier to validate findings with
NASA documents than with NACA documents. (In order to control for response
order bias, the wording of questions 2 and 4 were opposite of the wording
presented here. The wording of the questions - and the data - have been

reversed in this discussion for consistency of presentation; this modification
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has no effect on the findings.) Nineteen percent strongly agreed and 25%
mildly agreed (44% agreed to some extent) that it is easier to validate
findings with NASA documents; only 19% strongly or mildly disagreed.

Executives were asked whether they thought NASA documents did a better
job of providing alternative methods than NACA documents. Thé responses to
this question were more evenly divided than were those to the previous two
questions: 34% agreed with this statement and 30% disagreed.

When asked whether NASA documents did a better job of he]ping_to cut
costs, a total of 27% of the executives agreed and 21% disagreed. Finally,
when asked whether they thought NASA information was superior to that pro-
vided by NACA, a large number of executives (39%) agreed (26% strongly and
13% mildly) that NASA information was superior. A surprisingly large 31%,
however, also disagreed: 19% mildly and 13% strongly.

In summary, the data reported in Table 29 seem to indicate the following:

1. Executives feel most strongly that the information provided
by NASA is easier to apply.

2. Executives hold rather strong but divided feelings about
whether information from NASA is better than that provided
by NACA. Slightly more than a third think NASA is superior,
slightly less than a third think that NACA was superior.

3. Executives have divided opinions about whether NASA does
a better job of helping to cut costs. A little more than a
quarter indicated that they thought NASA was better; a little
less than a quarter thought NACA was better.

4. Executives, in a ratio of more than two-to-one (44% to 19%),
felt that it is easier to validate findings with NASA documents.

5. Executives were rather strongly divided on whether NASA docu-
ments do a better job of providing alternative methods. Just
over a third said NASA was better; just under a third said
NACA was better.
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While the results in Table 29 generally indicate that executives view
NASA more favorably than they do NACA, the data also show a fairly large

percentage who view NACA as superior in some aspects. The personal interviews

with the executives provide some additional insight and some explanations for

these findings.

A number of executives were quite explicit in the ways they thought NACA
publications were sdperior to those produced by NASA from the standpoint of
the aircraft industry. The NACA publications, they say, were more basic
reséarch, provided more definitive statements, and provided more comprehen-
sive data. Rather than small studies covering a specific specialized area or
problem, the studies and reports were more comprehensive and exhaustive, and
as such have become known as classics in the field; the data were almost always
provided in the reports. Even extensive tutorials were sometimes published so
that industry personnel could learn new methods and ways of conducting
research, rather than just the results of those new methods. As one execu-
tive, who was also a chief engineer, noted, NACA used a Tot of what might be
called a "cookbook approéch," providing the data so that the engineers could
replicate the findings for themselves. That situation rarely exists in
current NASA reports.

A scenario was sketched by a number of executives which may help to
put some of these responses into perspective. Prior to this country's
venture into the space program, NACA was the undisputed leader in the aero-
nautical industry. It did much of the basic research on engines, airfoils,
helicopters, and on many of the basic aeronautical concepts, and provided

this information to the aircraft industry which at that time was too small to
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do very much of its own basic research. The companies themselves then did
much of the applied research.

NACA's efforts were narrowly focused on aeronautical problems, and this
narrowness of purpose led to high quality, in-depth research on basic topics.
‘When NASA was formed as a replacement for NACA and pursued this country's
objectives of space exploration, it was necessary for NASA to undertake a
much broader area of research with a much more pragmatic and applied orien-
tation. During this period of major space orientation, NASA largely neglected
research in the area of aeronautics; as a result, the larger aircraft companies
developed their own research programs and began to fi]]vthe gap which NASA
had left. With the recent reorientation of NASA to develop a better balanced
program in aeronautics and astronautics, NASA has begun to reestablish the
excellent program of aeronautical research that existed during the days of
NACA.

The following are some of the comments by executives about what they see
NASA's role should be today:

"NASA should be doing basic research and developing advanced

technology. However, NASA likes to do, for political and image reasons,

what industry should be doing and, to a large extent, does it best."

“NASA should be cdnducting fundamental research pointing to new
concepts, concentrating less on hardware and more on new concepts."

"NASA should be the leader in developing technology, a common base
for all companies in the aerospace industry, recognizing what research
and development is needed and contracting for it, and then making
information results available in the common literature."

“In the data it provided, NACA was more precise, meticulous, and
thorough in following through the calculations. NASA today comes
across more sloppy, more "black box," which is a fact that leads

to reduction in its credibility. Even computer programs often have
unknown errors, thus aggravating the problem."
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"Unlike NACA, NASA does not translate information for designers into
their terms and with the kinds of conclusions which are needed. NASA
publications are not written for company technologists."

Accuracy of Industry Executives' Views of
Their Empioyees' Relationship with NASA

Industry executives often are in a position where they must speak for
the industry, or at least their own company's role in it. While granting
both the right and the responsibilityof executives to represent their own
views, as well as present the official positions of their companies, it is
still appropriate to raise the question of the degree to which executives
(or anyone ejse) are accurate when they represent the views of their employees.

To provide data on this important topic, executives were asked to predict
how they thought the researchers, designers, engineers, and scientists in
their company would respond to a set of questions contained in the Researcher/
Designer Questionnaire. A comparison between these predictions and the
researchers' actual responses provides a measure of accuracy which is the
focus of this section. The data for the original responses given both by
researchers and executives have already been presented and discussed earlier
in this report. In this section, we examine the ability of the executives to
correctly predict the views of their employees.

Data are reported in Table 30. Column A provides data (already dis-
cussed elsewhere) about the executives' response to the questions, and is
provided for comparative purpdses only. Column B provides the executives'
predictions of the responses given by a typical researcher. Column C pro-
vides the actual responses provided by the researchers in this study (these
data have also been previously discussed in this report). The final column,
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D, provides the accuracy data and is determined by taking the difference of
Column B minus Column C. The closer the numbers in Column D are to zero, the
more the executives' predictions are 1ike the actual responses of the
researchers and consequently, the higher is the executives' accuracy. The
larger the absolute value of the number (either positive or negative), the
poorer the accuracy. Positive numbers indicate that the executives over-
estimated the researchers' response; negative numbers indicate that the
executives under-esfimated.

There are two very interesting results revealed in this table. First,
an examination of Column D indicates that the executives are quite accurate
in their predictions of the responses of their employees. The largest inaccur-
acy was in predicting the effort necessary'to obtain NASA documents: on a
seven point scale, executives over-estimated the difficulty by half a scale
point, +.5. The largest inaccuracy in assessing the frequency of their
employees' communication with NASA was a +3 times per year over-estimate of
the frequency of their employees' face-to-face communication with NASA (execu-
tives predicted 11 times per year for the researchers). They also see a
real difference in the {mportance of the use of NASA documents to their
employees, though they over-estimate this difference a little bit. Frequency
of communicating with NASA via letter is another difference between themselves
and their employees that they correctly perceive.

In the personal interviews, executives indicated one major difference
between their own technical information needs and those of their researchers.
While this varies somewhat with theoretical interests and mathematical
emphases, almost all executives indicated that they look for broad ideas,
overviews of research projects, summaries of major resea}ch findings, and
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basic issues. Their employees on the other hand are much more concerned with
the procedures for research, the details of the data, refinements in analytic
techniques, and all the other specific factors which are necesﬁary to carry
out the research and/or design program. Irrespeétive of their opinions about
the way NASA was serving the information needs of their employees, most
executives felt quite strongly that NASA technical information did not provide
them with the good abstracts, adequate summaries, good think pieces, and provo-
cative perspective papers that they needed and wanted.

In general, the data in Table 30 show the executives to be highly
accurate in.their perceptions of their employees' responses. They also see
several distinctions between themselves and their employees, distinctions
which appear to exist in fact. While we would not be willing to extrapolate
the findings of thesé data beyond the set of gquestions over which they were
asked, nor to any general characteristic of executives, they do speak well
for the degree to which executives in the aeronautics industry appear to be

in touch with those they manage.

Conclusions

This section reported assessments of NASA publications from a variety of
perspectives: obtaining publications, using publications, communicating with
NASA, comparisons of NASA with NACA, and accuracy of executives' views of
their employees' relationships with NASA. Because of the number of topics in
this section and their complexity, major conclusions have been stated through-

out the text. The following are some overall conclusions.
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Obtaining NASA Publications

The company library is a very important link in the ﬁrocess of dissemin-
ating NASA technical information. Less than intermediaries, most company
1ibrafiabs appear to function effectively as facilitators. Most company
libraries are considered by executives and researchers as valuable resources
which function efficiently. Where problems occur, they appear to be in the
policies and procedures which occur between completion of a publication and
jts receipt at a company. Some of these problems appear to include: (1)
which publications are chosen for indexing in STAR, made available on auto-
matié distribution, and made available in hardbound copies, (2) the adequacy
of instructions for ordering NASA publications through STIF, (3) the effec-
tiveness of invoicing and shipping documents, and (4) the amount of time

required to produce and distribute NASA publications.

Assessments of NASA Publications

While all NASA publications may not have the same level of readership,
about 76% of the aeronautical documents in the study had been read and 80% of
those had been read from half to completely. There are indications that NASA
aeronautical publications are somewhat lacking in meeting basic information
needs of researchers, particularly in the areas of aircraft design, basic
ajrcraft research, instrumentation, stability, and propulsion. The most
important aspect of the articles they evaluated were seen by researchers to
be maintaining professional awareness. Apparent unimportant aspects of NASA
publications are seen as helping to save money or saving time. Some areas
where NASA publications perhaps should do a better job, from the viewpoint of

company users, include providing new ideas, validating company research,
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preventing duplication of work, improving the quality of work, applying ideas,
and suggesting alternative methods. Several of these also were jdentified as

NASA inadequacies, as reported in a subsequent section of this chapter.

Industry Communication with NASA

Face-to-face and teléphone cmnnunicaiion between company and NASA
personnel are considered to be very important by executives and researchers,
the telephone often used for quick information or preliminary information-'
seeking and face-to-face communication used when a situation indicates the
need for greater depth of information. Personal interviews indicated that
the outcomes of these communication interactions generally are considered to

be most satisfactory.

Executive Comparisons of NASA and NACA

Overall, executives believe it is somewhat easier for their employees
to apply the information from NASA than it was from NACA, although one of
the issues identified by researchers (see section on Major Issues) is the
lack of applicability of NASA publications. This suggests that NASA publi-
cations are easier to apply than were those of NACA but still not up to the
expectations of direct users. Executives also indicated they believe it is
easier to validate findings with NASA publications than .with those of NACA,
but again researchers, as reported in a subsequent section, raise this as
somewhat of an inadequacy of NASA today.

Areas which should be of some concern to NASA include the fact that
executives hold strong but divided feelings about whether information from
NASA is better than that provided by NACA, as is the case with whether NASA

documents do a better job of helping to cut costs and provide adequate
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alternate methods. In personal interviews, industry leadership of NACA was
often cited as an area where NASA does not compare as favorably, as well as
in the types of basic research conducted by NACA which is not carried on by

NASA.

Accuracy of Executives' Views of Their Emplioyees' Relationship with NASA

One of the questions addressed was the accuracy of executives in speaking
for the industry or their company in actually reflecting the viewpoints of
the direct users of NASA technical information: company researchers and
designers, or scientists and technologists. In almost all areas, executives
do appear to be reflecting the viewpoints and evaluations of NASA of their
employees. In bersona] interviews, executives did identify one major
difference between their own technical information needs and those of their
researchers. Almost all executives look for broad ideas, overviews of
research projects, summaries of major research findings, and basic issues.
Researchers, on the other hand, are much more concerned with the procedures
for research, the details of the data, refinements in analytic techniques,
and all other specific factors which are necessary to carry out the research
and/or design project. This suggests the possible need for different methods

of communicating with executives and researchers.

MAJOR ISSUES IDENTIFIED BY EXECUTIVES AND RESEARCHERS

Introduction

In the mail questionnaire, executives and researchers were asked for
open-ended responses in four general areas: (1) benefits of receiving NASA
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technical information, (2) information needs of the company in areas where

NASA does research, (3) inadequacies of NASA technical information and publi-

cations, and (4) recommended changes.

The four specific questions were: (1) "What do you cohsider to be the
‘three major benefits of receiving NASA technical documents?", (2) "Within the
areas in which NASA does research that is relevant to your company, what are

your three most impbrtant information needs?", (3) "What do you consider to
be the three major inadequacies?", and (4) "What changes in NASA ddcuments
would make them more useful to your organization?" (See Executive Question-
naire, items #29, 30, 31, and 33 and Researcher/Designer Questionnaire, items
#21, 22, 23, and 24.) '

In response to these four questions, a total of 2,680 suggestions were
received, 892 from executives and 1,788 from researchers. Nearly 80% of the
executives and researchers provided comments on these questions. In this
section, the tables represent the data obtained from these four open-ended
questions.

The questionnaire also had what, in effect, was a fifth open-ended
question related to the four areas noted above: "Please provide any addi-
tional comments or suggestions that you might have about NASA technical docu-
ments.” In most cases, responses received either emphasized or elaborated
upon a suggestion previously made. Some of these comments are used in this
section where they clarify an issue or suggestion.

Also reported in this section is information received in the series of
30 .in-depth personal interviews at six different companies in the aerospace
industry. The bulk of these interviews was with executives, primarily in the
engineering and research and development divisions of their companies. Their
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areas of specialization included aerospace design, materials, mechanics and
dynamics, systems engineering, structural analysis, aerothermal, and others.
Also included in the group were five chief or senior engineers. In all inter-
views, both the executives and their staff members were fam11iﬁr with and
frequently used NASA publications in their work.

In the sections that follow, the first series of tables summarize all
2,680 responses in each of the general categories: needs, benefits, inade-
quacies, and changes. The remaining tables examine the 2,680 comments by
general issues, of which five primary issues were identified: (1)'Content,

(2) Presentation of Information, (3) Writing Style, (4) Format and Design, and

(5) Distribution or Dissemination.

Within each of these divisions there are many issues, some closely
related to each other or providing possibly important distinctions. 1In
tables and text, issues in each of these five divisions are examined in
relation to each other and in regard to the overall categories of need,
benefit, inadequacy, and change. There also were some issues which either
did not fit neatly into one of the five divisions or appeared important enough
to examine them separately. Most of these issues had to do with.content.

Data from the open-ended questionnaires are reported in the tables; addi-
tional information from the personal interviews and comments written as part

of a final, very general open-ended question are included in the text.

Summary of Responses by Category: Needs,
Benefits, Inadequacies, and Changes

Table 31 indicates the percent of the 2,680 responses and the rank order
by general category: (1) needs, (2) benefits, (3) inadequacies, and
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(4) changes. The rank order is indicated at the left, followed by a number in
parenthesis which indicates the order in which the questions were actually
asked on the questionnaire. Both the percent of suggestions in each category
and the actual number of suggestions are indicated by executives and

researchers.

Table 31. Percent of 2,680 Responses and Rank Order by Response Category for
Executives and Researchers on Four Open-Ended Questions

Rank Order Executives Researchers
Order Asked Category of Responses No. % No. %
(2) Technical Information Needs 308 35 704 39
2 (4) Benefits of NASA information 247 28 516 29
(3) Inadequacies of NASA
Information 173 13 316 i8
4 (1) Recommended Changes in NASA

Technical Information 164 18 252 14

892 100% 1,788 100%
TOTAL 2,680

Executives (35%) and researchers (39%) are about equal in the area in
which they placed greatest attention: technical information needs in areas
in which NASA does research. Both groups also placed emphasis similar to
each other on the other three categories: benefits, 28% and 29%; inadequacies,
19% and 18%; and changes, 18% and 14%.

For both executives and researchers, the benefits of receiving NASA
technical information outweigh the inadequacies of NASA publications by a
ratio of 3:2 (for every two inadequacies cited, there are three benefits
identified). At the same time, the technical information needs of companies
in areas in which NASA does work are greater than the benefits of receiving
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NASA publications by a ratio of 3:2 (for every two benefits mentioned, three
unmét needs are identified). This suggests that there are areas of need which
it is believed NASA should be meeting and either is not meeting or is meeting
less than effectively. That the former may be the case -- NASA is not

meeting all the needs which executive§ and researchers believe it is NASA's
role to meet -- is suggestéd by the fact that needs substantially outweigh
(7:3) inadequacies. In other words, while there are some existing inade-
guacies in the information now provided by NASA, there may be some needs

which are going totally unmet and which company personnel believe thét NASA,
and not another organization, should be meeting. Some of their technical
information needs, executives and researchers realistically realize, may never
be able to be met by NASA, but there appear to be specific NASA inadequacies

that could be corrected by various changes.

Generd1 Issues Identified: Content and Presentation,
Writing Style, Format, and Distribution

The 2,680 responses to the four open-ended questions on needs, benefits,
inadequacies, and changes were classified into five general issue areas:
(1) content (i.e., both general or broad topics such as "trends" and specific

topics such as "advanced composites"), (2) presentation (i.e., organization,

relevancy, repetition, etc.), (3) writing style (i.e., scientific, tutorial,

etc.), (4) format and design (i.e., hardbound, graphs and tables, etc.), and

(5) distribution or dissemination (i.e., timeliness, awareness of new titles,

etc.). Two other related issues, primary sources of technical information and
actual patterns of use of NASA publications, have been covered in earlier
sections of this chapter. Within each of the five general issue categories,
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responses have been further subdivided into more specific issue areas (i.e.,
organization, relevancy, tutorial style, timeliness, etc.)

The process of organizing 2,680 suggestions into five general issue sub-
divisions and narrower issues within each provides the general organizational
séheme for this section on issues. The process used to organize the 2,680
responses, though not perfect, provides reasonably fine distinctions between
jssues. While fewer categories would have been possible, this would have had
the disadvantage of blurring distinctions which may be important. At the
same time, it is recognized that there is some overlap between the general
and specific issue subdivisions which have been created. This chapter is
organized and data are reported in accordance with this category scheme.

The following four tables (32 through 35) summarize the percentage of
responses in'major issue subdivisions within the four categories: benefits,
needs, inadequacies, and changes. Data are reported separately for execu-

tives and researchers.

Information Needs

By far the greatest information need (Table 32) of executives and
researchers is for technical information on specific topics (i.e., materials,
aerodynamics, aircraft and flight control and stability, etc.). Researchers
(64%) seek this specific information even more than executives (54%). In
personal interviews, executives reported that one of their functions as
department managers is to keep abreast of new developments. Thus, they tend
to scan lists of new publications to identify those which might be of value to
their staff members. As one manager noted, "I try to review STAR, MIT, SCAN,

and other abstract publications about once a week to spot key articles of
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use to my department."” This appears to be a common pattern for most execu-

tives interviewed.

Table 32. Summary of Needs: Major Technical Information Needs*

Needs** Executives Researchers
Content:

Specific Subjects 54% 64%

General . 21 16
Presentation 18 17
Dissemination 5 2
Format and Desién 2 1

*Based on 1,012 responses; 308 from executives and 704 from researchers.
**See Tables 36, 37, 42, 48 and 51 for additional data on needs.

There are occasions, however, when executives thoroughly read publica-
tions. This appears to occur at two points: (1) when a new project is
starting, which enables the executive to acquire a data base for providing
design or other guidance to staff members, and (2) when a technical applica-
tion requires a management decision. Another reason executives offered for
scanning or reading NASA and other technical publications is to avoid dupli-
cation of work. General topics (i.e., methodology, design concepts, etc.)
and procedural content (methods of analysis reported, completeness of data,
relevancy, accuracy, etc.) are about equal in importance for executives (21%

and 18%) as well as for researchers (16% and 17%).

Benefits of NASA Information

" In terms of benefits (Table 33), there is general agreement between
executives and researchers that a combination of broad content matters make
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NASA technical information useful, along with two very specific areas:

(1) assistance with planning and problem-solving and (2) assistance in working
with‘NASA. Executives (42%) are somewhat more concerned than are researchers
(31%) about the usefulness of NASA publications in planning and problem-
solving, along with usefulness in providing direction in working with NASA.
Researchers (69%) place somewhat more emphasis than do executives (57%)

on specific topics and general content issues.

Table 33. Summary of Benefits: Major Benefits of Receiving NASA Techncial
Information%

Benefits#** : Executives Researchers
Dissemination, Writing, Presentation,
and General Content 57% 69%
Assistance with Planning and Problem- 23 18
solving
Assistance in Working with NASA 19 13

*Based on a total of 763 responses; 247 from executives and 516 from
researchers. '
**See Tables 40, 41, and 43 for additional data on benefits.

Inadequacies of NASA Information

There fs great similarity between executives and researchers in their
opinions about inadequacies (Table 34) of NASA technical information and
publications. Of great concern (36% and 37%) are procedural matters: how
information is presented within reports (i.e., sufficient data, applicability,
narrowness, etc.). An almost equal area of concern (34% and 34%) is the
adequacy of current dissemination methods, both from NASA to companies and

within companies.
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Table 34. Summary of Inadequacies: Major lnadequacies of NASA Technical
- Information*

lnadequacies** Executives Researchers
Presentation : ' . 36% 37%
Dissemination ’ v 34 : 34
Content : 17 15
Format and Design 8 9
Writing Style 5 5

*Based on 489 responses; 173 from executives and 316 from researchers.
**See Tables 38, 44, 46, 49, and 52 for additional data on inadequacy issues.

Changes Recommended by Executives and Researchers

Of the changes (Table 35) executives and researchers would make regarding
NASA technical information and publications, both groups are nearly identical
in their areas of concern: (1) dissemination methods (37% and 40%) and (2)
how information is presented within publications (35% and 36%). Executives
(14%) have greater concerns about general content than do researchers (7%);
as previously noted, researcher comments were most extensive regarding narrow
topics.

In summary, there are few major differences between executives and
researchers both in the benefits they see in receiving NASA technical infor-
mation and in the problems or issues they have identified. Where differences
do occur, they are fairly predictable, considering some basic differences in
the functions of executives or managers and researchers and designers.

Major findings and conclusions in each of the issue areas will be

covered in the following portions of this section.
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Table 35. Summary of Changes: Recommendations for Major Changes in NASA
Technical [nformation#*

Changes** Executives Researchers
Dissemination _ - 37% Log
Presentation 35 36
Content (General) 14 7
Format and Design 9 11

No Changes 4 2
Writing Style 1 3

*Based on 416 responses, 164 from executives and 252 from researchers.
**See Tables 39, 45, 47, 50, and 53 for additional data on change issues.

Major Issues

As indicated in Table 32, of the five general subdivisions of issues,
that which received the greatest number of comments by executives and
researchers is related to specific content, or topics. This issue may be
further subdivided into two parts: narrow topics and general topics.  With-
in each of these two groups there are a number of individual issues. In
addition, two specialized general topics were identified: (1) planning and
problem-solving and (2) working with NASA. As previously noted, between all

general issue subdivisions there are obvious overlaps.

Content: Narrow Topics

Needs. While researchers (64%) place siightly greater emphasis on the
importance of specific narfow topics than do executives (54%), both rank this
as their primary area of information need. There were 172 responses from
executives and 451 from researchers. In total, the two groups identified
more than 80 difference narrow topics of information need in their work,
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responding to the question "Within areas in which NASA does research that is
relevant to your company, what are your three most important information
needs?” This relatively large number appears to reflect the diversity of

areas of specia]ty' represented in the sample.

Table 36. Content of Narrow Topics: Major Technical Information Needs*

Subject Executives Researchers
Materials (including fracture and fatigue) 12% 10%
Aerodynamics 9 9
Aircraft & Flight Control & Stablity 8 8
Computer Technology, Developments, Methods 8 5
Space Flight and Shuttles 8 5
Structures 7 5
Propulsion 6 6
Engines and Turbines 4 5
Fluid Mechanics 3 5
Instrumentation 3 3
_Flight Tests & Simulations (including wind 2 4
tunnel tests)
Heat, High Temperature Analyses 2 3
Composites 2 2
Electronics 2 2
Energy 1 2
Others (all 1%): Astronautics, Aeronautics,
Navigation, gnyironme?t, Equip@ent, Heli- 23 12
copters, Medicine, Noise, Physics, Systems, -
V/STOL, and Sensors
Other Topics (less than 1%) 6 11

*Based on 623 responses; 172 from executives and 45] from researchers.

Table 36 (above) identifies the major topics. Once these were identified

as a basic information need in one question, they were not referenced again
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in response to other open-ended questions except for materials, helicopters,
and V/STOL, which were jdentified by a small number of respondents as an
inadequacy. As one researcher interviewed noted, "The problem is less that

of quantity or scope of NASA publications but one of discrimination."‘

Content: General Topics

Needs. Table 37 shows some of the more general content needs of execu-
tives and researchers. Some of these topics appear to take on greater signi-
ficance because they also reappear as inadequacies or recommended changes,

shown on subsequent tables.

Table 37. Content of Broad Topics: Major Technical Information Needs*

Subject Executives Researchers
Me thodology 20% 19%
Design Data 18 21
Parametric Data and Measurement 13 13
Trends, Research, and Development Needs 10 11
Configuration ldentification by Manufacturer, 8 4

Model, etc.
Planning Dates and‘Schedules
Cost Data and Effectiveness Data
Operational Performance
Computer Decks and User Manuals with Programs
Technical Forecasting
Standards

O O w v 4 0o O
- NN N O

Testing Data

*Based on 177 responses; 61 from executives and 116 from researchers.

Both executives and researchers place high priority on obtaining

specific data from NASA publications: methodology, design, operational,
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and many other types of data. This also is an area where NASA publications
are moderately to strongly criticized as being inadequate (see Table 44).

One manager in the personal interviews obsérved that much of the data con-
fained in most NASA publications generally is adequate for both executives
and researchefs from the standpoint of keeping generally abreast of new
developments. The lack of data becomes apparent when NASA publications are
used in connection with specific research or development activities. "It is
likely," one chief engineer explained, "that engineers don't always need all
the data they think they need; on the other hand, some NASA publications fall
short of basic needs, particularly to enable comparisons of NASA results with
those obtained in our own work."

Other general content information needs which do not rank high on the
table above but which receive further attention as an inadequacy or recommended
change and in comments in the personal interviews are: parametric and other
measurement data, identification of configurations, and computer decks and

user manuals for NASA computer programs.

Inadequacies. Table 38 indicates the general content inadequacies noted

" by executives and researchers.

Nearly half of both executives and researchers reported that the major
inadequacy of NASA publications is a failure fo relate current research to
other on-going projects or research which has occurred previously. Another
way of expressing this was the need for publications to report the state-of-
the-art. In personal interviews, executives often noted that the state-of-
the-art publications of NACA were one of its great strengths; it is one of
the major features missing and needed from NASA today. Many of these NACA
publications are considered "classics," and several executives urged that
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NASA publish about once a year state-of-the-art publications in various areas

of specialization.

Table 38. General Content: Major Inadequacies of NASA Technical Information*

Inadequacy Executives Researchers

State-of-the-Art, Theory, Relationship to Past

and Qther Efforts Inadequate 48% 46%
Not Enough Basic Research 24 _ 13
Some Subjects Over-published
Mathematical and/or Engineering Emphasis Weak 7 -2
Too Little Haterials: Helicopter, Double Lattice 0

Method, Aercelastic, Etc., Work
{nadequate Configuration Data 3 23
Costs, Schedules, Etc. not Reported 3 8
Computer Codes Have ''Bugs' 3
Not Design Oriented 0

*Based on 77 responses; 29 from executives and 48 from researchers.

Of particular concern to researchers (23%) is the lack of configuration
data in NASA publications. Suggestions were received both on the open-ended
questions and in the personal interviews that NASA identify configurations by
manufacturer, model, and in other ways. One executive noted a furthef advan-
tage in identifying models even in the titles of publications. If an article
is about one model airplane, for example, the identification of it by model
in the headline will tell researchers whether or not the article is of
immediate interest to them. An issue of particular concern to executives
(24%) is that of "basic research," covered in earlier sections of this report.

Table 39 indicates content changes in emphasis or additional topics
which are recommended.
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Table 39. General Content: Recommended Major Changes in NASA Technical
Information#*

Change _ Executives Researchers

Greater Configuration Coverage . 33% 22%

Increase Publications on State-of-the-Art,

- Theory, Relation of One Project to Others 22 22

More NASA In-House Research 22 o]

Increase Coverage of Specific Subjects, Including: 10 n
Materials, Structural Mechanics, Etc.

Emphasize Trends, Plans, Needs, and R & D ‘

. 9 28

Potentials

Less Parametric Data 4 5

*Based on Ul responses; 23 from executives and 18 from researchers.

Changes. Executives (33%) somewhat more than researchers (22%) placed
highest priority on more confiquration data. Both groups are about equal in
emphasizing the need for more state-of-the-art publications, relationship of
research projects to basic theory, and relationship of new projects to those
of the past or other on-going projects. This latter point was particularly
emphasized in the personal interviews. A number of executives observed that
perhaps only the Air Force has made any concerted effort to attempt to corre-
late, synthesize, and relate existing information. One executive suggested
that if NASA is not able to do this critically needed job, it should be
contracted out. Another executive observed that there might exist 150 differ-
ent reports on 150 different wind tunnel tests, with no attempt to correlate
data or summarize basic findings.

Researchers (28%) also place emphasis on the need for more information
about trends, plans, needs, and research and development potentials. Execu-
tives (22%)'emphasize the desirability of more NASA in-house research. In
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personal interviews there was general concensus that reports prepared by NASA

generally are of a "higher quality" than those from subcontractors. Several

executives suggested that NASA develop standards for publications produced

by outside contractors to ihprove consistency.

While there is a small but vocal group which would Tike to see less

parametric data (5%), a much larger number, indicated on other tables (see

Table 44), wish to see greater use of parametric data.

One chief engineer

suggested that NASA move entirely to the metric system and provide conversion

tables along with the metric data reported.

Content: Planning and Problem-Solving

Benefits. One of the specialized benefits of receiving NASA technical

information is that it assists particularly with the problem-solving functions

in companies, as Table 40 indicates.

Table 40. Assistance with Planning and Problem=Solving:

Receiving NASA Technical Information#*

Major Benefits of

Benefit

Executives

Researchers

Data Helps with Problem-Solving

Data Helps with Planning

Data Provides Names Useful for Consultation
Data Generates New ldeas

Data Reduces Costs

Data Identifies Problems

Data Helps with Follow=Through

26%
19
19
16
16
3
2

38%
20
9
14
12
3
3

*Based on 149 responses; 58 from executives and 91 for researchers.

Researchers (38%) place somewhat greater emphasis on the problem-solving

benefits than do executives (26%). Substantially lower in rank (3%) is the

92



ability of NASA information to help identify specific problems or needs,
although the ability of NASA publications to generate new ideas has moderate
recognition (16% and 14%). As one manager noted, "I would 1ike to see more
speculation in technical reports on tHe potentials of a specific bit of work:
the kind of reporting that is idea provoking." The criticism that NASA publi-
‘cations rarely draw conclusions may be related to this concept of generating
new ideas. NASA publications also have some recognition for their ability to
assist with p]ann%ng. Most executives interviewed, in fact, cite the planning
function as one of the critical times when they personally are apt to refer to
NASA publications. Also related to the planning and problem-solving functions
is usefulness, especially to executives, of NASA publications in providing

' names of individuals who can be contacted for consultation when a problem

arises which cannot be solved within the company.

Needs. When problems or information needs arise in connection with a
project, however, few of the executives turn first to NASA. The sequence
usually is to turn first to others within the company and then to the company
library, which often will do a literature search either within library mater-
ials or outside the company. If the literature search does not meet the
need, both executives and researchers are likely to turn to personal contacts
outside the company. Sometimes the organization contacted is NASA, although
other organizations are cited as external sources as frequently as NASA and
all other sources in total rank higher than NASA. These outside sources
include branches of the military service, other companies in the industry,
research companies, consultants, British and French organizations, and

universities.
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When asked the five leading sources of technical information in rank
order which they need and use, executives interviewed in person generally
ranked NASA third or fourth in importance. The first source in most cases
is internal resources, both the libfary and staff members. Branches of the
military service usually rank second, particularly the Air Force, MNavy, and
Army, as well as the Department of Defense. The third most used source
tends to be a mixture of research firms; association publications, especially
AIAA; other firms in the industry; and other types of organizatiohs. NASA
often is one of these third ranked sources or sometimes listed as the fourth
source contacted. The fifth most-used source is a mixture of universities,
consultants, international firms, and, if not used in the literature search,
AGARD, NTIS, journals, and other services and publications.

Because of the need to go outside the company for problem-solving
assistance, all executives interviewed reinforced the need, previously covered
in this report, of having personal contacts. While potential contacts are
obtained from reading NASA and other publications, seminars and symposia also
are often cited as important sources for establishing contacts outside the

company.

Content: Assistance in Working with NASA

Benefits. Another specialized benefit in receiving NASA publications,
as Table 41 indicates, is their ability to help executives and researchers
in working mdre effectively with NASA. Of greatest importance is the insight
publications appear to provide in both the overall direction of NASA at any
point in time and the requirements of NASA (55% and 57%). Much more so than

researchers (12%), 30% of the executives also see a value in NASA publications
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in that they help prevent duplications of research or other work that is
being done by NASA or other organizations. The desirability of preventing
duplicatipn.also may be one of the benefits, some of the personal interviews

indicated, of NASA publication of work-in-progress or interim reports.

Table 41. Assistance in Working with NASA: Major Benefits of Reéeiving
NASA Technical Information*

Benefits Executives Researchers
Provides Direction and Requirements of NASA 55% 57%
Prevents Duplication with Other NASA Efforts 30 12
Identifies Trends 11 27
Other L L

*Based on 114 responses; 47 from executives and 67 from researchers.

Presentation of Information

Needs. The manner in which information is presented is closely related
in some areas to the general topic section just covered and the writing style
and format and design sections to follow. Table 42 indicates needs in this
area.

In the presentation of data in reports, the desirability of relating
current work to past efforts again figures high as a priority of both
executives (30%) and researchers (24%). A related notion is that of periodi-
cally issuing publications on the state-of-the-art. -

Executives slightly more than researchers cite a second basic need for
good analyses and correlations between experiments and analyses, closely
followed by the importance of complete data on costs, tests, correlations,

performance, and other factors.
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Table 42. Presentation: Major Technical Information Needs*

Need

Executives

Researchers

Relationship of Current Work to Past Efforts:
Comparison to State-of-the-Art

Good Analyses and Correlations Between Experiments

and Analyses

Complete Data on Costs, Tests, Correlations,
Performance, etc.

Relevancy and Applicability

Experiment and Test Verifications
Breadth (Large Scope vs. Narrow)

Good Abstracts/Summaries/!Introductions
Accuracy

Complete References/Non-NASA References

Definitive Conclusions

30%

23

14

!

N NN NNV

24%

17

14

11

- w0 N

*Based on 178 responses; 57 from executives and 121 from researchers.

Table 43, Presentation: Major Benefits of Receiving NASA Technical

Information®*

Benefit Executives Researchers
Technical Information is Up-to-Date 31% 31%
Provides a Useful Data Base’ 27 26
Data is Reliable, Valid, and Accurate 20 12
Provides Technical Information in Areas of 14 15
Current Interest

Data is Objective 6 3
Data is Well-Written, Organized, and Thorough 2 6
Data is Received in a Timely Nature 1 3
Data is Easy to Obtain . 0 b

*Based on 500 responses; 142 from executives and 358 from researchers.
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Benefits. Table 43 (above) shows some of the major benefits of
existing NASA publications which include: up-to-date technical information
and reliable, valid information. Two important related benefits are that
NASA publications provide a useful data base and information in areas of

current interest.

Inadequacies. 'Tab1e 44 covers inadequacies in procedural type content;

some of the inadequacies have appeared before on other tables as needs or as

related inadequacies.

Table 44. Presentation: Major Inadequacies of NASA Technical Information#*

I nadequacy ' Executives Researchers
Data Insufficient (including parametric data) 28% 17%
Not Relevant to Current Needs 18 9
Not Applicable (also see ‘'Relevancy'') 17 15
Too Narrow 12 12
Too Shallow or Generalized 8 10
Analysis Inadequate 6 10
Not Objective; Only Presents NASA Point-of-View 5 9
Does not Reference Non-NASA Scientists or Sources 2 6
Conclusions are Weak 2 6
Abstracts, Definitions, etc. are Weak 2 3
Inconsistencies Occur Within Reports 2 0

*Based on 184 responses; 65 from executives and 118 from researchers.

A major inadequacy is insufficient data, although this is of greater
concern to executives (28%) than to researchers (17%). This appears to be
inconsistent with other data previously reported; large numbers of researchers,

however, reported this concern in other ways. Both executives and researchers
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(17% and 15%) have similar concerns about the applicability of NASA publica-

tions, a concept closely related to relevancy which is the second ranked .

inadequacy noted by executives.

The importance of several of thé issues already reported is emphasized

in Table 45, all issues of which generally relate to the development of

technical publications.

Table 45. Presentation: Recommended Major Changes in NASA Technical

Information%*

Change Executives Researchers
More Relevancy, Applicability 28% 19%
Better Analysis-of Results, Test Verifications, 25 21
and Correlations

Better Abstracts, Summaries, or Introductions 12 18
More Thorough Reporting; More Complete Data 11 10
Better Conclusions 7 8
Broader Scope (also see ''Narrower'!) 5 6
Greater Scope in References Used; More Non-NASA 5 L
Narrower Scope 5 3
Relate Data to Earlier Studies 3 4
Better Definitions ] 2
More and Better Cost Data ] 1
More Accurate 0 1

*Based on 147 responses; 57 from executives and 90 from researchers.

Changes. There is agreement between executives (25%) and researchers

(24%) that NASA should provide better analyses of results, test verifications,

and correlations of data. In personal interviews the issue of sufficient

data was explored in greater depth and frequently was related by executives
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to the adequacy of conclusions. It was pointed out that few NASA reports
draw conclusions. While many executives did not agree with this practice,
they noted that it was "understandable." However, because the reports do not
draw conclusions, the need for sufficient data increases. The data are needed
by researchers in order to critically evaluate the apparenf outcomes.

A number of other issues previously identified appear in this table;
some of which seem to have greater significance than the actual figures in
the table suggest, primarily because these issues were stated over and over in
various ways. These issues are: better abstracts, summaries, or introduc-
tions (see dissemination issues); relationship of data to earlier studies;
greater scope in the number of non-NASA references used; and more data,

sometimes referred to as "point data" by researchers.

Writing Style

Inadequacies. Executives, much more than researchers (32%), are critical

of the often very formal, tutorial writing style of NASA publications,
although one executive interviewed noted that "too often when the writing
style is good, the data is lacking" (see Table 46). Executives a]ﬁo find
NASA pub1ications more repetitious than do researchers. Of greatest concern
to researchers (38%) is the "lack of clarity" of much of the writing, along

with lack of consistency in organization and presentation of data.

Changes. Both executives and researchers agree that NASA reports could
be briefer or more concise (see Table 47). This might appear to contradict
the suggestion that NASA reports also should have more complete data, but a
distinction appears to be made by executivés and researchers between the basic

prose text and the supporting data. There is, of course, substantial overlap
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between "writing style" and an earlier section in this section entitled
"procedural content." Generally, writing style is perhaps one of the least
significant general issues identified, although there were suggestions or

comments made in this area.

Table 46. Writing Style: Méjor Inadequacies of NASA Technical Information*

Inadequacy ' Executives Researchers
Too Formal, Tutorial 63% 31%
Repetitious 25 19
Writing Lacks Clarity 13 38

Lack of Consistency of Organization, Presentation

of Data 0 31

*Based on 24 responses; 8 from executives and 16 from researchers.

Table 47. Writing Style: Recommended Major Changes in NASA Technical
Information%

Change Executives Researchers

Make Reports Briefer, More Concise L40% 38%

Organize Métefial Better; Seek Greater Consis- 30 38
tency Within and Between Reports

Provide Examples 30 13

Less Formality, Tutorial Style 0 13

*Based on 14 responses; 6 from executives and 8 from researchers.

Format and Design

Needs. The manner in which NASA publications are designed and produced,
including the use of charts and other illustrative matter, is of some

importance to executives and researchers.
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Table 48 reports data on needs related to format and design. While a
slight distinction was made between hard cover publications and NASA techni-
cal reports (the latter perhaps referring to a type of publication), both
executives and researchers are generally in agreement (43% gnd 50%) that they
prefer print media to any other, with executives expressing some need for

information in journal articles, along with regular NASA pubiications.

Table 48. Format and Design: Major Technical Information Needs

Need Executives Researchers
Hardcover Publications 43% . 50%
NASA Technical Reports 43 50
Journal Articles 14 0

*Based on 9 responses, 2 from executives and 7 from researchers.

The personal interviews explored the issue of print vs. microfiche in
more depth. There were a number of reasons for preferring print: (1) much
of the "keeping abreast" -function related to reading NASA technical infor-
mation is done during lunch or at home or weekends; microfiche copies inhibit
this activity; (2) microfiche readers usually are located in the company
library; when constant reference to data in a NASA publication is desirable,
microfiche is not practical; and (3) the quality of microfiche reproduction is
generally rated as "poor."

Another disadvantage of using microfiche with technical reports is that
pages cannot be spread out in order to compare tables and other matter; on

microfiche, it is necessary to turn back and forth from frame to frame.

101




~ Inadequacies. One of the major inadequacies in format and design,

Table 49 indicates, is related to graphs and charts. Researchers (67%) are
slightly more concerned about this issue than executiveé (60%)} In the
peksonal interviews, some pointed out that the style of graphs and charts
used by NASA, while comparable to those of other government agencies, is far
behind the level of sophistication used by most companies today. Some
examples of organizétions which might be considered models in this area are,
in addition to business and industry, the Conference Board, SRI, A.D. Little,
Defense Marketing Service, and American National Standards Institute Z-49
formats. A specific criticism of NASA graphs is that they often do not have

grids or that the resolution of grids is poor.

Table 49. Format and Design: Major Inadequacies of NASA Technical Infor-

mation* ;

i

Inadequacy Executives Researchers E

{

Graphs Too Small, Difficult to Read; No Grids 60% 67% i

Too Large and Bulky 27 4 i

Printing Quality is Weak: Type Size, Repro- 7 14 §

duction, etc. ‘ '
Microfiche Quality Poor 7 4
Printing Quality of Computer Programs is Weak 0 4

*Based on 42 responses; 15 from executives and 27 from researchers.

et s

Changes. Table 50 lists some of the suggestions for changing or improving
matters related to design and format.

Researchers (42%), in particular, emphasize the desirability of improving
graphics in general, pérticu]ar]y charts and graphs. Another need (28%) is

for card decks or, even better, magnetic tapes, to accompany NASA computer
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programs, along with user manuals. One executive explained that when decks
- or tapes are not made available, there is a long time lag between publication
of the program and availability of the needed software. Some executives also
noted some criticism of the quality of this software, often finding rather

~ basic "bugs."

Table 50. Format and Design: Recommended Major Changes in NASA Technical
Information* :

Change Executives - Researchers

Improve Graphics, Particularly Charts

(Sophistication, Grids, Legibility, etc.) 27% h2%
Provide Computer User Manuals and/or Card
Decks/Magnetic Tapes for Computer Programs 20 28
Increase Number of Publications in Hardbound ' 20 4
Produce More Journal Articles 13 0
Improve.Tec?nical Printing and De§ign Quality of 7 18
Publications, Including Type Size, Style, etc.
Improve Readability of Microfiche 7 4
Produce More Textbooks (State-of-the-Art) 7
"Less Emphasis of Superficial Design Elements 0

*Based on 43 responses; 15 from executives and 28 from researchers.

Dissemination Methods

A number of issues were identified relating to how NASA technical infor-
mation is distributed through STIF and other services, received by companies,
and disseminated within organizations. Tables 51 through 53 summarize these

data.

Needs. Half of the comments by executives and roughly a third by

researchers were concerned with the timeliness of distribution as a major
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need related to distribution of NASA publications (see Table 51). The

problem expressed by managers in the personal interviews is less the delivery
system from STIF to companies than it is perceived to be a problem of NASA
“turn-around" time. "It just takes too long," one executi?e said, "between

the tests and the final report." On the other hand, one executive also pointed
out that while turn-around time appeared to be excessively long, one of the
benefits of NASA publications is that they are carefully, even painstakingly
reviewed by NASA committees and, thus, ultimately emerge with the high quality

information for which NASA is respected.

Table 51. Dissemination Methods: Major Technical Information Needs#*
Need . Executives Researchers
Timely Distribution 50% 36%
Good Information Retrieval Systems, Index, Key
43 8
Words, etc. '
Personal Contact with NASA Personnel 7 19 '
{
Publication of Works-in-Progress, Working Papers 0 20 :
Lists of New Titles 0 17 :

*Based on 28 responses; 14 from executives and 14 from researchers.

It is perhaps because of this problem of timeliness that a second major
need, expressed by researchers (20%) but not by executives, is publication of
works-in-progress, working papers, and interim reports. The need to get
timely information also underlines the importance of having contacts at NASA !
so that informatibn can be obtained before it is published.

A third type of need covered in this table, expressed particularly by
executives (43%), is for better information retrieval systems.
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Inadequacies. Table 52 underscores these issues as major inadequacies

of NASA technical publications.

Table 52. Dissemination Methods: Major Inadequacies of NASA Technical
: Information#*

Inadequacies Executives Researchers
Information Not Received When Timely 66% 62%
Distribution System Too Restricted (Send 15 6
Directly to Users)
Information Difficult to Obtain 10 : 19
Retrieval System (Indexing, Key Words, STAR) 8 13
are Inadequate
Adequate Author Information not Included (Who 0 !

and Where to Contact)

*Based on 166 responses; 59 from executives and 107 from researchers.

“Frequently,” an executive complained, "the information we really need
for a project doesn't arrive at the beginning but toward the middle of the
project." The reason for this, again, was cited not as a delivery system

problem but the slowness by NASA in producing reports.

Change. 1In Tab]e'53, the same problem of timeliness (46% and 41%, also
covered in detail in earlier sections of this report) emerges as the top-
ranked recommendation for change in existing procedures. Another recommended
change is a better system of indexing information for retrieval (18% of the
executives and 21% of the researchers recommended this change). The follow-
ing were some of the suggestions forwarded in the personal interviews for
solving this problem:

(1) The index cards at the back of reports, formerly provided by

NASA, were more effective than the DIALOG system which replaced
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it. DIALOG, one executive reported, is used mainly by
librarians.

(2) A digest, listing all the special categories in NASA/SCAN
would be helpful in searching for and sorting out information
which is needed. The computer programs available in this area
too often produce unneeded data or data which are not relevant.

(3) Collation and summarization of the various widely researched
areas, similar to the Air Force's Data Compendium, would

prove helpful to many researchers.

Table 53. Dissemination Methods: Recommended Major Changes in NASA Tech-
nical Information*

Change ' Executives Researchers

More Timely Publication L6% g

Better Indexing, Data Retrieval Systems, Key 18 21
Words, and Number Systems

Publish Lists of New Titles 11 11

Issue Works~in-Progress, Working Papers, and 8 y

Interim Reports
Improve Mailing Lists
More Frequent Publication
Distribute Directly to Users
Declassify Sooner

Increase NASA Personal Contact

—_ N NN W WU
NN oOyON

Issue Free

*Based on 163 responses; 61 from executives and 102 from researchers.
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fonclusions

In the personal interviews two broad issues were discussed more than
any bthers. These had to do with NASA leadership and NASA performance of

basic research. Most executives seemed to feel that, despite the valuable

services performed by NASA and the overall high quality énd dependability of
its fnformation and despite its unquestioned leadership in aerospace, NASA

is not providing the kind of leadership needed by the aeronautical industry.
Opinions about whether or not NASA should be doing more basic research ranged
from "basic research is desirable but not at the expense of the appiied
research NASA is doing" to "basic research should be NASA's primary orien-
tation."

Some other themes were repeated from company to company. One was the
need for better overall integration of all research activities in the field.
Related to this was the suggestion, reported both in the questionnaires and
personal interviews, that NASA periodically produce publications on the
state-of-the-art and that individual reports attempt to better correlate data
from existing relevant research projects. One of the major inadequacies of
NASA technical publications is insufficient data, needed by researchers in
companies to effectively evaluate outcomes. This becomes even more critical
because of the tendency of NASA publications not to come to definitive con-
clusions.

Of all the changes NASA might undertake to make technical information
more accessible to executives and researchers, perhaps the most requested
is more timely publication. Short of this, a suggestion was made several

times that NASA publish more works-in-progress, interim reports, or progress
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reports. Other publications requested were lists of new titles with better
abstracts and smnnaries, published in some digest form by categories relevant
to executives and researchers, as well as directories of NASA personnel énd
on-going projects and their contacts.

‘ More interaction with NASA personnel is desired almost universally,
although that interaction which exists is termed "excellent" to "outstanding."
Once contacted, NASA personnel appear to be highly responsive to the needs
of company personnel.

The thirst for more and more information on specialized topics is great.
However, many executives caution that NASA is perhaps "spreading itself too
thin," giving basic topics too "broad a brush," and sometimes bordering on
sacrificing.quality for quantity. Some of these concerns-are echoed in the
criticisms of reports with insufficient data, weak correlations, and lack of

relating one project to other similar ones.

THE IMAGE OF NASA TECHNICAL INFORMATION

The multidimensional scaling portion of the study was undertaken to
provide preliminary information on the image that industry users have of
NASA technical information. The data in this section are reported in three
ways. First, a matrix of mean distances among all the concepts is presented
and discussed. This information can be used to determine the distance among
each pair of concepts, including those which are nearest to each other and
those which are farthest apart. Second, the reference coordinates for a
multidimensional space are provided along with the graphic plot of the location

of the concepts in the space. These coordinates and plots are centered on
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the concept of “NASA Technical Information" so as to determine the relation-
ship between the respondents' assessment of various aspects of technical
information, including the concept of "NASA Technical Information," and the
concept "My Job." Fina]}y, data are presented which assess the potential of
using each of the concepts in the space to construct messages to move the
concept of "NASA Technical Information" closer to the concept of "My Job."

For example, a library may be concerned about the effectiveness of its
services as perceived by users of the library. Traditional research can
identify usage patterns, attitudes, and other information of value to the
library. Unanswered, however, may be specific direction on message strategies,
or ways to communicate existing services of which users are not aware or
changes in current communication strategies to achieve greater acceptance of
library policies and procedures. This is one area in which MDS can be of
assistance. It does this by showing the relationship of concepts or terms
to each other multidimensionally. In interviewing users of library services,
concepts which are important to them in relation to the library are iden-
tified. The users then are asked to estimate the distance these concepts are
from other key concepts. These might be "my work” and "the library." To
continue the examﬁ]e, the concepts important to the users might be "convenient
hours" and "adequate assistance." If "the library" and "my work" are con-
sidered by participants in the study to be some distance from each other, while
'tdnvenienthours“and"adequate assistance” are close to "my work" and distant
from "the 1ibrary," use of MDS techniques indicates that to bring the concept
of the libraryAcloser to the work of the respondent, emphasis should be placed
on communicating information about the library's hours and ability to be of

personal assistance. For this NASA study, 12 concepts were used and 66
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relationships evaluated to identify which concepts, if moved through communi-
cation messages and other efforts, would better identify NASA technical infor-

mation as valuable or useful to company personnel.

The Distance Between Concepts

The distance between a pair of concepts in the multidimensional space
indicates the similarity or dissimilarity between that pair of concepts. As
indicated in Chapter Two, data are analyzed separately for scientists and
technologists. Table 54 presents the mean (arithmetic average) distance
between each pair of concepts for the scientists; Table 55 presents the data
for the technologists. The closer the value is to 0.0, the more the respon-
dents saw the two concepts as identical. Conversely, the larger the mean
value, the less similar the two concepts are considered to be.
The average similarity for all pairs of concepts was 65.8 for the
scientists and 75.0 for the technologists. The range of the means was 29.1
to 111.2 for the scientists and from 27.3 to 123.1 for the technologists. ;
Thus, the two groups were reasonably similar in their overall average and :
range of similarity judgments. |
The most important comparisons for the purposes of this study are
between the focal concepts, "NASA Technical Information" and "My Job," and
the other ten concepts in the space. Column 1 of Table 54 indicates that the
two concepts most closely related to "NASA Technical Information" for the
scientists were "Respected" (with a mean of 36.8) and "Aerospace" (47.2). %
The two concepts which were least similar to "NASA Technical Information" !
were "Timely" (79.8) and "Problem Solving" (81.0). In other words, while

scientists viewed NASA Technical Information as respected and related to
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aerospace, they considered it neither very timely nor re]eyant to aeronautics,
-in the context of the 12 concepts which they were asked to compare. The

data in Column 1 of Table 55 indicates that for technologists the two ;oncepts
that were closest to their view of "NASA Technical Information" are "Respected"
and "Aerospace" with means of 41.4'§nd 45.2, respectively. The two concepts
1east similar were “Timely" (87.6) and "Problem Solving" (82.9). In other
words, 1ike the scientists, the technologists viewed NASA Technical Informa-
tion as respected and related to aerospace; however, NASA Technical Infor-.
ation was not perceived as very timely nor a major help in solving prob-

lems.

When the scientists expressed their views toward their work, the concept
of "My Job" (see Column 2), the three concepts which were reported as closest
to their conception of their job were "Problem Solving" (29.1), "ldeas" (40.1),
and "Useful" (40.9). The three concepts least associated with "My Job" were
"Aeronautics" (61.8), "NASA Technical Information" (72.0), and "Basic Research"
(81.1). Among the technologists, the three concepts most similar to "My Job"
(see Column 2) were "Problem Solving" (27.3), “"Useful" (31.4), and "Respected"
(36.9). The concepts that were least similar were "Aerospace" (71.2), "NASA
Technical Information" (81.2), and "Basic Research" (111.5). For both groups,
the concepts of "Problem Solving" and "Useful" are central to their view of
their work. "Ideas" are important to scientists, while "Respected" is
important to technologists. Both groups are also in agreement that "Basic
Research" and "NASA Technical Information” are least similar to their job
conception. In additioh, scientists include "Aeronautics”" and technologists

include "Aerospace" in this group of least similar concepts.
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The Relationship of NASA Technical Information to "My Job"

Using a multidimensional scaling routine, data for the 12 concepts were
analyzed to provide coordinates and plots for a three dimensional space.
Figure 1 provides plots for scientists and Figure 2 for techﬁo]ogists. Refer-
ence coordinates for the 12 concepts of three-dimehsiona] space are in Table
56 fof both groups. To center the "NASA Technical Information" concept, the
coordinate system is standardized and centered at the 0.0 point for each co-
ordinate (i.e., the origin). The concepts are located in space in relation
to their projection on the three reference coordinates. For example, ﬁhe con-
cept of "My Job" projects onto the first coordinate dimension at 72.1 units
from 0.0 for scientists and -2.74 units for techno]ogfsts. Table 56 also
shows that_the three dimensions of the coordinate system account for 82% of
the variance in the data for scientists and 80% for technologists. Both
figures are quite high for human respondent data, supporting the validity of
the multidimensional scaling analysis.

Since the coordinate system is centered on the concept of NASA Technical
Information, the column in Table 56 labeled "Vector Distance" represents
the distance between these two concepts. Examination of this column shows
that the concepts farthest from NASA Technical Information for scientists
are "Problem Solving" (83.80), "Timely" (75.09), and "My Job" (73.04); for
technologists, these concepts are "My Job" (90.90), "Problem Solving" (81.76),
and "Timely" (79.21). Concepts closest to NASA Technical Information for
scientists are "Respected" (29.89) and "Aerospace" (39.83) while for tech-
nologists the closest concents are “"Aeronautical" (39.94) and "Respected"

(43.87). The distance of the concept of "My Job" from the concept of NASA
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Table 1.

The Imace of MNASA Technical Information Held by

Aeronautical Industry Scientists
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Table 2.

The Imace of NASA Technical Infarmation Held by

Peronautical Industry Technolocists
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"Technical Information clearly indicates that NASA Technical Information is not
seen by these respcndents as a vital part of their everyday work process.
Neither do they see NASA Technical Information as very timely or as involving
prcb]em solving to a very great eitent. On the other hand, NASA appears to be
highly respected for both groups. Interestingly, scientists associate NASA
Technical Information with "Aerospace" while technologists associate it with
"Aeronautics,” a finding which may reveal an interesting difference between
the two groups. These findings are also highly consistent with fhose obtained

for the distance among concept pairs in the previous section.

The Potential for Changing the Image
of NASA Technical Publications

As indicated in the preceding section, concepts that are arrayed in a
multidimensional space provide a graphic representation of the relationship
among those concepts at a particular point in time. But concepts change over
time as people learn, gain new experience, receive new information, etc. And
often, since the concepts are all related to each other, a change in one
concept produces changes in several or all of the others. This fact can be
utilized to change the position of any of the concepts in the space because
research has shown that it is possible to change the position of one concept
relative to another (the two focal concepts) by introducing information about
one or more of the remaining concepts in the space. Those concepts which by
virtue of their position in the space contain the greatest potential for
changing the distance between the focal concepts can be used to develop

message strategies designed to impact on them. The difficult part is to
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determine those concepts about which new information should be introduced.

The procedure works as follows. The goal is to move one concept closer
to the other in the space, since as research in the areas of voting behavior,
adoption of innovations, and marketing has shown, when the distance between
two concepts shrinks, thé concepts are seen as being more similar. Techni-
cally, this means calculating the resultant of the vector space defined by
each possible subset of concepts; that resultant which lies closest to the
vector between the two focal concepts identifies that set of concepts which
should provide the greatest potential for moving the selected cohcept toward
the target concept.

| The focus of the present study makes it appropriate to explore the
potential for moving the concept of "NASA Technical Information" closer to
the concept of "My Job." In order to determine which of the other ten con-
cepts in fhe space should be used as the foundation for message strategies, .
all possible combinations of concepts should, ideally, be examined: one
concept, two concept, three concept strategies and so on through the single
ten concept strategy. Changes in those concepts which move the concept of
"NASA Technical Information“.closest to the concept of "My Job" can then be
selected as the basis for message strategies.

In Table 57 we provide the top three message strategies for moving the
concept of "NASA Technical Information" toward the concept of "My Job." Four
sets of strategies are presented: the best three using a single concept,
plus the best three strategies using two concepts, three concepts, and four
concepts. Strategies are presented separately for the scientists and

technologists.
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The number in parentheses after each concept set is a correlation coeffi-
cient representing the degree of association or closeness between the vector
for the focal pair (i.e., the selected concept and the target concept) and
the resultant vector for the concept set listed. The c]osef this number is
to 1.0, the closer that these two vectors lie io each other and the greater
the potential of the concept set to move the selected concept toward the
target concept.

Table 57 shows that single concept messages that emphasize "Problem
Solving" will be most effective with scientists, while messages that concen-
trate on showing that "NASA Technical Information" is "Useful" or will involve
"Problem Solving" will have the greatest impact on technologists. If a
single concept message that will work reasonably well with both groups is
desired, the concept of "Problem Solving" is the best choice. In this
approach, NASA technica] documents would be reviewed carefully to determine
their ability to assist users in solving problems and a concerted attempt
would be made to develop messages to convey this feature.

If two concepts are ‘emphasized within the same message, the best choice
for scientists is "Timely" and "Aerospace," while for technologists it is
“Timely" and "Adequate." Note that for scientists, the concept of "Aerospace"
appears in two of the top three message choices, while among technologists
the concepts of “Accessible" and "Adequate" each appear twice.

When three concepts are embodied at the same time in a message, the
best choice for scientists is "Useful," "Adequate," and "Aeronautics." For
technologists, the equivalent choice is "Aeronautics, "Problem Solving," and
"Ideas." "Timely" is the only concept to appear more than once among the

top three sets for scientists or for technologists.
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Finally, under the four concept message possiblities, the single best
choice for scientists is a strategy that embodies the concepts of "Timely,"
"Problem -Solving," "Ideas," and "Aerospace." Technoloigsts can be communi-
cated to most effective]y.using the concepts of "Accessibility," Useful,"”
"Aeronautics," and "Basic Research." Inépecfion of the concept sets listed
under the four concept heading indicates that there are several concepts that
appear twice, but none more than that often.

Given these initial results outlining the concept sets best suited for
a message strategy to unite the concepts of "NASA Technical Information" and
"My Job," the problem becomes one of selecting the "best" strategy to employ.
Two factors should influence this decision. The first is a statistical
criterion: which strategy provides the greatest likelihood of creating the
desired movement between "NASA Technical Information" and "My Job?" The
second factor is a pragmatic one: which strategy is best suited to actual
implementation; in other words, which strategy can be most readily turned
into a set of operationa] guidelines such that the messages which are produced
as part of NASA's Technical Information activities can be said to embody
these attributes?

On the basis of the first criterion, the statistical one, the best
strategies for scientists incorporates "Timely,” "Problem Solving," "Ideas,"
and "Aerospace." This suggests that NASA should ensure that its information
dissemination is seen as timely (it reaches users sooner than at present),
problem solving (deals with major problems of current interest to users),
jdeas (presents and initially tests out new ideas), and aerospace (deals with
aerospace topics). For technologists, the best strategy on a statistical
basis is to emphasize "Accessibility," "Useful," “Aeronautics," and "Basic
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Research." That is, the messages would reflect a greater involvement of

“aeronautical researchers in NASA equipment and facilities (such as the wind

tunnels), that the research be useful (relevant to the incremental research

favored by aeronautical workers), pertaining to aeronautics problems (rather

- than aerospace), and reflecting basic research (rather than more "ivory tower"

research).

However, it might not be feasible to engage in a strategy that required
technical information that is adapted to specific audiences. Furthermore,
following the second criterion noted above, it might not be feasible to
implement some aspects of a particular strategy, for pragmatic or policy
reasons, etc. In that event, an alternative strategy, one that seemed to be
appropriate to both types of respondents, is indicated.. This means selecting
a strategy that will be effective with both groups at the same time, even
though other strategies are available on an individual basis. Using this
second criterion, an optimal strategy can be suggested: "Timely," "Adequate,"
and "Basic Research." This strategy is among the top three concept strategies
for technologists and, while there are some better scientist strategies, it
is nearly as strong (it was fourth best). This strategy suggests that NASA
Technical Information be planned, conceived, disseminated, and promoted to
the aeronautical industry in light of a timeliness goal (is it getting to
respondents as soon as they would desire), an adequacy goal (are users getting
enough explanation when they receive information, or are there many unanswered
questions) and a basic research goal (does the content of the report cover

topics that are of fundamental importance to the clients).
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Chapter Four

RECOMMENDATIONS



Introduction

This chapter presents the recommendations of this report. They are

based on the information about the generation, dissemination, and utilization
of NASA technical information acquired through the primary auestiohnaire,
| conversations with executives, and the MDS analysis employed in the study.

In the previous chapter, most sections contained conclusions, along with
comments obtained from executives and researchers. Where, in our judgment,
these suggestions are appropriate, they have been incorporated into this
chapter. A1l of the recommendations, however, are based on a total evaluation
of all data rather than on individual suggestions made by an individual or a
particular company.

The organization of the chapter generally parallels the sequence of
major issues in Chapter Three: content, presentation of information, writing
style, format and design, and dissemination method issues. In addition,
there are recommendations covering communication between NASA and company
executives and researchers which were derived from the assessments of NASA
technical information data and the MDS study.:

In this study, a wealth of information was obtained about NASA technical
information generation, dissemination, and utilization. A number of conver-
sations with executives, along with some of the questionnaire data, presented
very positive assessments of NASA. These are discussed in Chapter Three.
This chapter, however, focuses on those problem areas which need consideration

by NASA.
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Content

Ja’,wuz e aZsr u%;&’ @uwzﬁv‘d}ﬂu Pleeote

NASA's function as a major supplier of technical information to the
aerospace industry implies the importance of identifying what aeronautical
companies believe to be their specific information needs in areas where NASA
does research. Both the research questionnaires and conversations with
executives indicated that at times NASA appears not to know these basic
information needs (although it usually was reported that once brodght to its

attention, NASA is responsive to these needs).

Jlter mrmindlationy

In the general planning process at NASA and prior to
initiating new research, NASA needs to obtain greater industry ihput. There
are many ways that this could be accomplished.

Y it
@R supplement current advisory committee functions and provide

greater' breadth of input from companjes in the field, NASA shguld establish

Waa_ép Aacgents 0 LA 4t ’?,
~w1th1n NASA to_gct as G s ot/ speci fic

-~

purpose of identifying industry information needs. Concurrently, NASA should
encourage companies to identify individuals to act as 1iaisons with NASA
specifically for fhis'purpose. As part of this liaison responsibility, a
first step should be to identify individuals throughout organizations at

executwe, research and other 1evels

&?’uld conduct formal studies to—

Y ALl

articularly in the areas of needed

P /LA_// s~

research and dissemination of specialized information. These studies should
sample the entire industry and all areas of specialization within them which

have occasion to use NASA technical information.
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~ NASA should encourage companies in thew

/C(. -
statements to NASA which focus on 1nformat1on_ An

alternate to this would be annual meetings between NASA and companies to
identify and prioritize infon‘nation‘ needs. These meetings could be in con-
Jjunction with meetings recommended in the section on cbmn‘un'ication contacts.
>Fourth, NASA should continue monitoring and assessing its technical
information on a regular basis in a manner similar to the present study,

concentrating, perhaps, on specific content areas.
iy . ,

The state-of-the-art publications produced by NACA are considered

“classics" today, in frequent use by executives and researchers, despite being

dated. A renewal of this type of project by NASA is considered by both groups

as highly desirable and an appropriate NASA function.

il le AL A F gt Lol ae

publications on the NN " 2 "N, information need.

These may have a focus somewhat different than some of the NACA publications of
this type. One suggestion made was for an operational history of dynamic
systems in space vehicles. As recommended in other sections, any such publi-
cation should attempt to incorporate not only information existing within NASA
but from other sources as well.

Representatives of the industry should be involved in the process of
selecting topics for these publications and the type of information which
should be included. This can be accomplished, as suggested in the section

on identification of information needs, through the work of liaisons between
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NASA and companies, formal studies, and recommendations solicited on a regular

basis from companies.

A e
. PR & W

The issue of “ppears to have two

dimensions. One refers to the inclusion of certain categories of information

in reports, while the second aspect of this issue refers to inclusion of

research data in reports Both are important

v Most research reports appear to contain some of the

following categories of information identified as important to executives and
researchers: costs, test verifications and results, operating performance,
configurations, correlations and other parametric data, related information
from other reports, and design considerations (see Chapter Three section on

Caele st .
General Content Information Needs) ‘these - should be

Altveer: ca N

“tandard format created, and criteria developed for specification

of data,in these cate ories.
/ . ,glﬁ,/,/c\/ VIR e Qs Zr/f(Léd
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in some way. Since the data for some research can be enormous, one method of
meeting researcher needs is to identify in publications where this data can
be obtained and, of course, supplying it to researchers upon request rather
than 1‘ncfud1’ng it as part of the report. A study u‘s_ing representative
research reports also would be beneficial in further identifying the depth

and method of presentation of data desired by companies.
‘//'/?1,( 1//(/,1'7(,0-'« r{} ‘t.".i/(.it;-» / ot l- A’ ; »01."( /;C":j I"../L L} o
The interest in interim reports, workmg papers, or progress reports

[T 4 ’rs (I,,*

appears to be closely related to the * NASA publications,
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as well as the desirability from the po1nt of view of executwes and

researchers in aeronautical companies of _

specialized fields. Awareness of on-going projects may be beneficial if a
company has a similar project, to avoid duplication of efforts, and to reduce
costs if an on-going project can produce data which otherwise could only be

obtained by a second research effort.
/Wp/ae . e e
While a requ1rement of all on-going research and other

v e - v e BP0 A EE Y S

projects appears to be them, these

should be distributed throughout the industry if this is currently not done,
along with publication of more working papers. These should be concise and
adequately describe the purpose of the study, components, methodology, and
anticipated outcomes. They should be made available either free or et low
cost and disseminated quickly to direct users of NASA technical information.

As with other NASA reports, the names of individuals working on the

project should be included as contacts for others who wish to obtain addi-

tional information. /
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For many of the same reasons that executives and researchers wish to

receive 1nter1m reports and progress reports, as well as many other reasons,
sy A [ A AL el

greater _m the aerospace 1ndustry— ,
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m These are important to both executives

and researchers in keeping abreast of their area of specialty and the field
in general. In addition, information on these types of topics is needed to

help companies plan research projects, reduce costs by avoiding duplication
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of efforts, and help with other problem-solving activities.

£
/t AN

_ NASA should publish a bi-monthly or quarterly report

on general directions, trends and direction of overall NASA activities,
information needs jdentified by NASA and others, and planning schedules. Such

a publication appears to exist in either the NASA Research Planning Documents
TN R Y 7_,'/,/

and NASA Research and Technical Obgect1ves and Plans, but

N I, S ay e ab e e P
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of
executives and researchers in the aeronautics industry. Further fesearch in
this area may be desirable, particularly to avoid duplication of a NASA
effort in this direction with similar information published in journals and
by other sources.

A sec0nd 1nfonna] pub]acat1on wfgch appears to be needeq is a quarterly

A e i Al gt aalirpe Lewlo, o all e 9l

or as well as recently com-
pleted or planned research and other projects. This should briefly describe
the project, its focus, and the types of information the project is expected
to produce. The names of key contacts involved with the project should be
included. An indexing system appropriate for the specialized interests of
companies is needed for such a publication (also see section on Information

Retrieval Systems).

Presentation of Information

Zleay s v e v { JT¢ <:u/2 /e xlein
identified in the =
PV AT A 4

.-f 'S
primary mail quest1onna1re 1s the ~f most NASA pubhcat1ons~
the research proaect— “There may, for example, be dozens
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of wind tunnel tests with none of the reports attempting to summarize or
correlate relevant data. Work done outside NASA often is not included in

NASA reports

— In all research reports and other technical pubhca-

JEPP Ao te PRV

tions, a section should be 1nc1udedw !

mation available w1thin and outside NASA. The publications also should

VI R N VL GEE v Do gpeirs U7 v Abpio o o _"':.)'
contain * orgamzedM

other 11terature 1n the field.

i e o

A _to meet this need is to produc_smﬂar
to those of the Air Force, which are indexes to information on specific
topic;s available in the entire fieid.

These types of activities are examples of one type of problem-solving
activity, a concept discussed in more depth in the section of recommendations

evolving from the MDS study.

A iln /n4 Al

The issues of identifyin§ information needs and completeness of infor-
mation and data in reports has been covered in the previous section. A

related issue concerns precisely how the categories of information and

research data are presented in publication.

,,
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Most NASA reports should have general patterns or

guides for organization of information. Reporting must be more systematic,

detailing how data was deve]oped and the sources of data re/ported —

gl A~ A, pCmjee o linet S Ly APSH wl Le ¢ g ioe s

ith those produced within NASA itself and which
generally are more highly respected because of their thoroughness, organization,
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and completeness. A very useful study for NASA would be to analyze similar
reports produced by other government agencies, private industry, research
organizations, universitjes, and others. Part of such a st#dy should focus
on methods of organizing and presenting information. »
,key information should be highlighted both in summaries at the beginning
of reports and in the reports themselves. Information presented should follow
a logical sequence or pattern made apparent at the beginning of the total
report and individual sections. Various levels of headings also are needed
to help organize information for the reader. In short, NASA needs to develop

a manual of style that will facilitate_the organization of its technical

reports (see section on Writing Style).
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. , ; ; 3 —,. ‘ ’.' : .41
ppeeiliied pan ALt Lye L Ooint i NpISE Tled ms o2 flera

ALy,

,/LL [ ORI ?( i (_/,‘(4 fadt

t e Non-NASA projects and authors are only in-
frequently referenced. Research concepts often are oriented around a con-
figuration or method of a particular manufacturer or branch of the military
service, concepts espoused by one organization in the industry, or an issue

of greater interest internally to NASA than to the industry as a whole. .

P e . [ : , '
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Recommendations. As projects begin m

beyond NASA itself and these should be referenced in the final report.

JZ,/L;?.n”'- Ao Ay e
Another of the key issues identified in the study has to do with the
KT 3
quality of abstracts (also see section on Dissemination) and summaries.
=
Given the volume of information available today, good abstracts and summaries
help executives and researchers in quickly identifying and classifying

134



technical information as immediately useful on an existing project, of

-general interest, or of no interest at all.
/(.ILCC‘/’I— s f(;.'_/c;*yw ,Q,/(_» 54 T4 /ﬁ-( ol S /.~ ‘t’,.‘ ,_,/L,e/ «

.7
Each NASA publication i
/W‘\ch' T TA .
” descriptions of the project, data contained, configuration

“information, and key concepts' relevant to the aerospace industry. This may
require, as suggested in a subsequent section covering indexing and key
words, further research to identify specifically the type of content more

relevant to executives and researchers in different types of aeronautical

o
companies. éhe author should be a trained technical wrﬂ:?
/v—/(/'“ D o S8 S _,A/’: R A T Pl ar X
The publications themselves also syl

/ j (—
An additional section appropriate for

procend

many reports is one on definitions, with clear and complete definitions (what

the term does and does not include). (Also see Content section on Basic

. Research for an example of the importance of useful definitions and methods
of stating them.)
C/’é’}LCL/C-Lv'; 6,'1.),
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While th
Cored
i some executives and researchers, they also recognize both the

difficult of this activity and the benefits of allowing industry and other
researchers to draw their own conclusions based on their special interests.
The issue of conclusions also appears to be related to that of completeness

of information or adequacy of data included in reports.

: /Q/Lar leet & /‘9’/{./‘;t. led /’i.;_
Recommendations. Th i not developing conclusions (i

pYarnepcal
Tong with new methods for improving conclusions. If the practice

of not drawing conclusions is continued, then more stringent requirements
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should be developed to ensure that reports contain (1) the breadth of infor-
mation categories needed by researchers to draw their own conclusions (e.g.,
test verifications, correlations, analyses of data, and operating perfor-
mance), and (2) the depth of information and data needed'by»researchers to

validate their own conclusions.

‘(S(;c (vt X)éc/r)wr_a/\,‘ e/

The data on information needs indicate that executives and researchers
need and use very different types of information. The data also are clear
that executives feel that NASA is providing very little of the type of
information that they need for the executive functions they fulfill. In a
sense, executives constitute an audience highly underserved by NASA techni-
cal information. This specialized executive and management information is
highly important because executives are the ones who determine the research’
priorities of their own firms; they also are the ones who are in a unique
posjtion to influence those in the legislative and executive branches in
government who make policy decisions that effect NASA and the entire aero-

nautical industry.
/(,[_c‘ VoY < VIR ,»v.fx/ﬂ =, >

NASA should establish a policy of providing informa-
tion devef&ped specifically for the executives in aeronautical companies in

order to assist them in their unique executive and manggement functions.

AALL 10T e AU IH AN AN It & RS
Specitically, o ANERRE: sou1d be written TR
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-

hnd automatically distributed through STIF to executives throughout

the industry.
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Writing Style

The actual style of writing used in NASA publications does not appear to
be a major problem. Executives, however, do voice some criticism of the
often very formal, tutorial style of writing. Researchers, at the same time,

criticize the t1arity of writing in many NASA publications.

/w&,-/ﬁ)ﬂ( welal s rrds ciie Ao eida, ,‘J/-L'(:"/vt-lv((;/
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.. There are AP Concerning

writing style other than urging that authors attempt to use reasonably

Tl les
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In the editing process, it also may be desirable to include specialists
in various areas included in reports. In sections which concentrate on
design, for example, a designer should review copy to help assure that design
information is "written for designers." The same holds true for mathematical,
engineering, cost, and other sections. The needs of a cost analyst, as well
as approaches to data, are apt to be quite different from those of a computer
expert. |

It is 1ikely that, if it does not currently exist, a manual for authors
of technical publications is needed. This could provide examples of writing
styles, ways of presenting information, required formats, standards for

information reported, and other instructions.

Format and Design

/‘%)/La / V,/,a
L

AT s L Ol
Executives and researchers have manMd in NASA -
oo sl Fre l,oat Yot el .

the size often 1su , type size or _

reports

137




R

style is inadequate or plotting unclear, and the style is not up to contem-

porary standards. A -

fligms coms ol aTou ST Clece. oo
wNASA should make a <imslilly’ the Uy o SN,

charts, and illustrative matter used by business and industry, private
research organizations, professional associations, and others to determine
more contemporary formats. Wherever possible, grids should be used on graphs,

and type size should be of a legible size.

V{'Li, wAprri Ll fee s ke g
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The Not unique to the aerospace industry and

it is as intense in this industry as it is among users in other fields. As
observed in Chapter Three, executives and researchers identify many problems
related to the use of microforms, ranging from lack of an adequate number of
readers to the inconvenience of using them. The only benefits executives and
researchers could identify were lower original costs, although there was a
feeling that initial savings do not match the higher costs in time in using

microforms over hardcover publications.

Recommendations. NASA should review the costs and benefits of micro-

2 L e T AuTie Reg Y ey wrate THew geoooL T
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fiche and o i " us S

il (o bl el

In the former areas, training programs for researchers
may be helpful, developing these and/or pre§§2ting‘tbem through company
librarians. If microfiche is continued, immediate attention should be given
to type size and legibility, along with improved quality of reproduction.
Com-fiche, computer generated microfiche, were particularly identified as

being highly variable in quality. When addressing the problems of microfiche,
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NASA should give high priority to an examination of the quality control of

com-fiche.
Lepgie s = 7
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Executives more than researchers have some
/J},(. le oy 7 )/—& A

of Mm‘ text matema] » and other typographic matters.
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SASSNEENEENNNY <. [N using type faces and sizes, specifying spacing

St o s

betwee/r} Tines, and 1ength of type-set hnes of copy, NASA shOu]~
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Generally, people over 40 have moredifficulty with sans serif type faces than
do younger people who have more equal ease in reading either serif or sans
serif type faces; type size under 10 point is more difficult for people to

read with increasing age; and Tong lines of type are much more difficult to

read than shorter lines. Reduced lighting conditions, an energy conserva-

tion measure increasingly taken by many companies, requires slightly larger

type size and greater spacing between lines to maintain 1dea1 legibility.
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While NASA appropriately uses a variety of binding methods for its

e L

different pubhcatwns, one frequent criticism by researchers 1s that—
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cations which
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schematics, m Even executives

voiced this complaint to some extent, noting that it is more difficult to
handle a publication which will not stay open or lie flat on a desk or table.
One NASA requirement for reports of contracted projects is that they be

reproduced on 100 pound text stock with a 100 pound cover stock. The
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binding must be staples or stitches in the margin. If such a report is even
reasonably lengthy, the weight of the text and cover stock, along with the

use of staples for binding, will make the publication somewhat awkward to

open, read, and mark notations in. _
: ;/;rum.l{d 26 cr~’e %M "éA/"M'wl’“’"" b,]Sf’ it

RMS T o reading and other use, Md
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i s hich Wil s ond 1
( flat. / Weight of paper also may be a consideration in implementing this

suggestion.
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Many executwes and an even larger number of researchers reporwf
ot S 5 S T 1/“« :
in nd user manuals to accompany
computer programs developed by NASA. Primarily this is a problem of the long
period of time which elapses between reporting of a new computer program and

ava11ab111ty of accompanying materials.
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@ NASA shou! d RN o near the

same time that new programs are published; magnetic tapes or card decks should
be made available more rapidly after publication of the report on new computer

programs.

Dissemination Methods

Dbl
Of all the issues identified in the primary mail questionnaire, one of
the most recurring ones has to do with timeliness of NASA technical informa-

/&»w" — g € i -t A
tion. Both executives and researchers 1dent1f1m,
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‘ a major inadequacy of NASA technical information, and as a major recommended

change.
fCe AR
_ An initial activity should be to undertake aﬁ
¢ ) VA / R e e Gud Vil
the NASA nd _NASA technical infor-
, e c BP DRI
mation, t through t_
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‘”, a A related
study should investigate the processes of ordering, shipping, receiving,v
storing, and disseminating information from STIF to company personnel.

A second activity should be the development of a clear manual on STIF
services, types of publications in different STAR categories, formats, order-

ing methods, sources for individual copes of publications, and other infor-

mation relevant to obtaining NASA publications.

\_-.‘Ltlf‘: TN VAL 'M{ 'V'/f,*--f‘wv
. In smaller companies or in any size company without sophisticated litera-

ture search capabilities, there is a problem in assessing from the great
‘volume of information available that which is needed quickly for a project at
hand. STAR provides the most basic of indexing methods, helpful in a general
literature search but apparently less than efficient for company executives
or researchers in quickly identifying new publications of general interest

or any publication with desired specialized information. Some company
librarians, working with executives and researchers, have begun extracting
from STAR 1ists of new publications of particular interest within their
companies. For an enginé company, for example, this requires reading all STAR
abstracts and attempting to determine which contain information of immediate
'interest within the company.
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Current computer literature search services are considered highly effec-
tive by those companies which are able to use them. Between that high level
and the more elementary STAR system, there are probably a number of techniques
which NASA could use to meet information retrieval needs which are currently
not effective]y.met for company personnel (élso see fo]lowiné section on NASA

RECON System).
1_/[;,(‘_('7: Ly tos ! -"/ﬁ 7’1‘" td

One of the 1nformat1on d1ssem1nat1on funct1ons of NASA
Z’(,«.‘;, (fu et . e E e LA oA

could be to i“n addi-

tion to the current categories in STAR. Listings, for example, of new publi-
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cations relevant to the_ or qupgiror other specialized companies

within the industry or relevant to specialized units within companies (i.e.,
materials, composites, thermodynamics, etc.) would bring new publications

more quickly to the attention of managers and members of their staffs.
IR __A_‘ a7 oy 2l wtsiTarsw Aot zl{ LA S_rf"/Q

Some roEEPin thcSUNNNNEEEP" presently m and

other indexes may be desirable, the changes reflecting current information
needs or literature segrch patterns of direct users of NASA technical infor-
mation. This would involve a small, specialized study involving company
librarians who conduct literature searches and executives and researchers.

An inadequacy of NASA technical information was identified as the
"quality of abstracts," suggesting that existing Selective Dissemination of
Information systems (SDIs), "profile sheets," or Abstracting services do not
provide the depth of information needed to determine if the publication may
be useful. NASA should develop a set of standards for authors to help them
in developing their own abstracts and summaries. At a more sophisticated

level, formal abstracts irn* STAR, SCAN, afd”other indexes should be improved.

P e 4
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NASA also should consider publication of abstracts or profile sheets in
specialized subject areas which can be sent frequently to users.

It is likely that a variety of methods are needed to aid in providing
awareness of significant new publications and in facilitating retrieval of
information. In addition to the above recommendations, NASA should consider
-training programs for company librarians on methods of assessing NASA tech-
nical information from STIF or other sources. It also may be desirable to

develop training programs for researchers themselves to improve their litera-

ture search abilities. In the area of awareness of new pub11cat1ons, a publi-

Lo mse AR e Loaredol e

cation 1ess technical than STAR appears appropr1ate
eat A tek o oulee7s - et -
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‘organized by type of company and
areas of specialization. The following section on the need for compendia
and access to the NASA RECON system also relate to information retrieval
needs within the industry.
D arn . A

Many executives interviewed made re?erence to the work of the Air Force
in producing its compendium of technical information. An example of a
similar need, appropriate more for NASA to develop than for other agencies,
would be an advanced compendium applicable to super-critical wing design.
Another might be a compendium on dynamic systems in space vehicles. Essen-
tially, the need is for collection and dissemination of technical information
available from all major U.S. and foreign sources (also see Content section

on State-of-the-Art pub11cat1ons)

/ : et et el
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@R - haps cooperating with that organization and others in producing
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indexes of need within the industry. Specific needs could be identified in a
study suggested in other sections of this chapter related to general infor-

mation needs, research needs, and state-of-the-art publication needs.
KASE FECIN 20yl '

sy
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is an on-line, interactive system for information
v\.; A "’t.( — 7‘ ArSH 7(/1,(4(:_:‘ -,

search and retrieval, currentlyM It

apparently is capable of providing information in ways that help define
retrieval needs with maximum precision, locating relevant documents quickly.
It offers reasonably complete access to comprehensive bibliographic infor-
mation on more than 1.2 million reports, journal articles, and miscellaneous
documents of special interest to the aerospace community.

At the present t%me, ten NASA contractors are participating in a six-month
test program to asseés and utilize the NASA RECON system. The data from this
study indicate that users in the aeronautical industry have a great need for

1ocating past reports that are relevant to their present work.
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M NASA" should conside
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Nearly two-thirds of the companies order individual copies of NASA publi-

z/<:11 .La't,\.”f' g PN o
inexpensively

sl s

cations in addition to those received on automatic distribution. Individual
publications from all of the 11 categories are ordered, although those from
Social Sciences and Geosciences (along with the General category) are ordered
less frequently. In most instances these are ordered by librarians because the

document was either referenced in STAR but not on automatic distribution (55%)
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‘ or was supposed to be on automatic distribution but never was received (20%).
While the data is not entirely conclusive, there are indications that some

problems exist.
/{(_r ST ~-."{ Z >k’ v

Existing policies about which publications are included
on automatic distribution should be reviewed, along with (as covered in the

section on microfiche) which pubhcatmns are on]y made available in micro-
C‘TF’! r(- Ll 7 b %t(t/c s 2. e e

fiche. In addition, the Mss

trrldl Aw uTvoiceoh U Al
f all publications which are supposed to be sent on

‘

automatic distribution actuaHy are being sent. Finally, a study 1“
M2tec i Al di 7, s hueTlioadly,

; invoicing, and amount of time required to
distribute publications on automatic distribution. This should be complemented
by a similar study which examines the process once publications are received

in company libraries.
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e xecutives and researchers in the aerospace industry arcgugiiimof
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NASA publications, they are wn_ perhaps,
a literature search uncovered the publication or a user learns about a publi-
cation from some other source. The study showed that users learn about NASA
publications from a variety of sources: about 30% from newsletters prepared
by company librarians, 21% from reviewing STAR, 15% from personal contacts with
NASA personnel, 15% by reading references to a NASA publication in a journal,
and 19% from other sources. Keeping abreast of new developments in the field

is one of the functions and frustrations of both executives and researchers,

as the personal interviews indicated.
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Recommendation. There are a number of ways that NASA can improve dis-

semination of information about new publications and some of these ways are

included as reconmendat'lons in other parts of th1s section. In addition, NASA
ey, A 'uw Yia it T iCur 1eCle ALTlie A bws

should (1) and other publications

.not only through STAR but through appropriate journals in the field, personal

contacts of NASA personne] with individuals in companies, and other existing
el e L) T v e s WHSP Gasw Jeie lo 5 S aes ¢

netrocs, and (2) S ——

Lot i s
wo alert them to publications and/or the existence of new infor-

mation.

Communication with Executives and Researchers
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--. 1s~l with NASA, company personnel have v
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obtaining NS, There are several techniques which could be

implemented to facilitate communication between company personnel and NASA.

Z( Ayt 11 e e

Since NASA has begun making phone books and organiza-
tion charts available to companies, many managers report that it is now much
easier to track down a possible information source within NASA. The organi-
zation charts, however, tend to be less meaningful outside NASA. A third
publication, presently not available to our knowledge, which would be of use
Aitelas a4 810~ QA eos MHSH (1n.ee7. aiied St Lol anl,
to companies is a _ (also
see Content section on Publications on Trends, etc.). This directory might

be organized in two ways: by type of project and by areas of technical

specialization within NASA with names of key staff members in these areas.
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Most executives interviewed acknowledged time and financial constraints

on both NASA and individual companies which prevent the amount of personal
contact which would be ideal. At the same time, there were several sugges-
tions that NASA periodically should develop a seminar or workshop on current
areas of interest and sénd it along with NASA experts to companies where it
would be possible for company personnel to interact with NASA personnel.
Alternatively, NASA might take the program to companies one year and companies
could go to NASA the next. This would provide greater in-person interaction
between a relatively large number of NASA and company researchers.

An important source of names for contact both at NASA and at other
organizations %::,the technical publications of NASA (as well as publications
from other organizations). To better meet this need, NASA should include in
all reports the names, addresses, and phone numbers of individuals responsible
for the pfoject; this practice also should be folliowed for interim reports .

and working papers. |
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The results of the multidimensional scaling of technical information

concepts are based on a small sample and, until replicated in a larger study,

should be considered somewhat tentative. Nevertheless, they dgbprpvng
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evidence that §
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It is clearly in the interest

of NASA to do what it can to alter this situation, i.e., to move the two

concepts as close to each other as possible.
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To accomplish movement of the concepts of "NASA

Technical Information" and "My Job" closer to each other, NASA should review
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the major dimensions by which it manages the production and dissemination of
information. Such a review would examine the major concepts which industry
personne] use when evaluating NASA technical information. As shown ih the
present study, these include timeliness, accessibility, usefulness,'problem
solving, and basic research. These dimensions could be utilized as the basis
for management decisions regarding changes in the content, form, style,
dissemination, promotion, and evaluation of technical information.

One strategy, for example, that NASA could profitably cons1der is the

. “-l L ﬁ ,L'CL' 114 ..(4.,4”.1 A el L

development of a ~o be distributed : :

2ihoAane s yieg i
researchers, and designers throughout the 1ndustry wht have
Gl igeeiv v tiwl MASAH Lea /wu(u/,_,“/ ‘.

I R R

The brochure would provide
information on ways to obtain NASA documents and would be organized so as to
promote those features which this study (and subsequent studies) show to be
important for users. Such sections as "Tips on Obtaining Information Qgick]y,"
"How to Find the Latest in Basic Research," and "How to Determine What Infor-
mation is Most Useful" would present the NASA system in the terms and con-
cepts that are most important to the users.

It should be emphasized, however, that this is only one of a number of
specific activities which NASA could undertake. By far the more important
recommendation is the systematic incorporation of these conceptual dimensions
into management and operational philosophy of NASA technical information; from
that, many practical results should follow. Several of the recommendations
presented earlier in this chapter also provide means of implementing this

strategy.
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Summar

Recommendations have been made for several changes in exisitng publi-
cations, along with changes in procedures which are needed to improve the
usefulness of NASA technical publications. Another set of recommendations
concerns new publications; in some cases, several needs, discussed separately,
could be met by one publication. Finally, recormendations have been made for
a number of additional studies which will further determine information needs

and collect information necessary to correct specific problems.
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Appendix A

COMPANIES PARTICIPATING IN THE STUDY

(Mail Questionnaire)

Aeronautics Research & Development, Inc.

North Holywood, California

AVCO Corporation
Lycoming Division
Stratford, Connecticut

Bendix Corporation
Navigation & Control Division
Teterboro, New Jersey

Bdeing Aerospace Company
Engineering
Seattle, Washington

Boeing Aerospace Company
Research
Seattle, Washington

The Charles Stark Drapier
Laboratory, Inc.
Cambridge, Massachuestts

Creare, Inc.
Hanover, New Hampshire

Fairchild Industries
Fairchild Republic Company
Farmingdale, New York

General Dynamics Corporation
Convair Division
San Diego, California

General Dynamics Corporation
Fort Worth Division
Fort Worth, Texas

General Electric Company
Aircraft Engine Group
Cincinnati, Ohio
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General Electric Company

Space-Research & Development Divi-
sions
Philadelphia, Pennsylvania

General Motors Corporation
GM Technical Center Research Lab
Warren, Michigan

Goodyear Aerospace Corporation
Akron, Ohio

Grumman Aerospace Corporation
Bethpage, New York

Hughes Aircraft Company
Culver City, California

Jet Propulsion Laboratory
Pasadena, California

Lockheed Aircraft Corporation
Lockheed-California Company
Burbank, California

Lockheed Missiles & Space Company,
Inc.
Sunnyvale, California

Martin Marietta Corporation
Denver, Colorado

McDonnell Douglas Corporation
Douglas Aircraft Comgany
Long Beach, California

McDonnell Douglas Corporation
McDonnell Aircraft Company
St. Louis, Missouri

Nielson Engineering & Research, Inc.
Mountain View, California



Northrop Corporation
Aircraft Division
Hawthorne, California

Rockwell International Corporation
Columbus Aircraft Division
Columbus, Ohio

Rockwell International Corporation
- Space Division
Downey, California

Rockwell International Corporation
Los Angeles, California

Rockwell International
Tulsa Division
Tulsa, Oklahoma

Rosemount Inc.
Eden Prairie, Minnesota

Sanders Associates, Inc.
Nashua, New Hampshire

Sandia Laboratories
Albuquerque, New Mexico

Solar Energy Research Institute (SERI)

Golden, Colorado

Southwest Research Institute
Applied Mechanics Reviews
San Antonio, Texas

Teledyne Ryan Aeronautical
San Diego, California

Teledyne-CAE
Toledo, Ohio

Union Carbide Corporation
Nuclear Division
Oak Ridge, Tennessee

United Technologies Corporation

Sikorsky Aircraft Division
Stratford, Connecticut

156

United Technologies Corporation
United Technologies Research Center
East Hartford, Connecticut

Vought Corporation
Dallas, Texas



Appendix A

INTRODUCTORY LETTER

Dear

If you are familiar with the National Aeronautics and Space Administration,
you will recognize that our principal output is technical and scientific
information. In a very fundamental sense, the usefulness of the information
we produce is a measure of the value of NASA to the aerospace, academic, and
scientific communities. For these reasons, we are interested in determining
how the users of our information products evaluate them, as well as whether
they are meeting the research and development needs of organizations such as
your own.

As a means of assessing this, Ames Research Center has developed a research
project which will be directed by Dr. Peter R. Monge of Communimetrics, Inc.
The project entails sending questionnaires to executives, researchers, and
library directors of those organizations which receive NASA publications.

As a recipient of NASA aeronautical publications, your organization has
been selected for inclusion in our study. To conduct the study, I would
like to request your assistance in identifying people within your organi-
zation that Dr. Monge's research team might interview.

Specifically, we would 1ike to contact people in the following positions
in your organization and require their names, titles, and addresses:

1. The director of your library or information center,

2. Five top management people in charge of research,
development, or advanced design, and

3. Twelve staff members, researchers, engineers,

~designers, etc. who are direct users of our infor-
mation products.
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When we have received these names, they will be asked to anonymously evaluate
recent MASA technical information publications, using questionnaires sent
to them. These names should be sent as soon as possible to:

Dr. Peter R. Monge
Communimetrics, Inc.

2970 Lake Lansing Road

East Lansing, Michigan 48823

I understand the sensitive nature of this request and can assure you that
the anonymity of the respondents and your organization will be protected.
Only Dr. Monge and his immediate research team will have access to these
names. This will enable them to solicit responses from them directly. The
actual responses on the questionnaire will not be accompanies by the names
of the respondents or your company. If you wish to contact Dr. Monge, his
telephone number is (517) 351-4980; he will be happy to answer any questions
you might have.

We greatly appreciate your cooperation in helping with this project. The
results of the study will enable us here at NASA to be more effective in
the ways we can meet your technical information needs. Thank you very
much for your help.

Sincerely,

C. A. Syvertson
Director
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Appendix B

EXECUTIVE COVER LETTER

As an executive working for a company that is part of the aerospace industry,
you are probably familiar with the National Aeronautics and Space Adminis-
tration. If so, you will recognize that its principal output is technical
and scientific information. In a very fundamental sense, the usefulness of
the information that it produces is a measure of the value of NASA to the
aerospace, academic, and scientific communities.

For these reasons, NASA is interested in determining how the users of its
information products evaluate them, and whether they are meeting the research
and development needs of organizations such as your own. As a means of
assessing this, the Director of NASA-Ames Research Center has developed a
research project which is being conducted by Communimetrics. In cooperation
with this project, we have been instructed to contact you by

By completing the attached questionnaire, you will help provide NASA with
a clearer idea of the information requirements of professionals like your-
self. This will enable NASA to better meet the information requirements
of organizations such as your own. As you know, however, a study of this
kind only can be as good as the cooperation given by participants. Thus,
please give each question your careful consideration and response.

Your response to the study will be anonymous. The reply card, returned
separately, simply tells us that you have completed the forms and returnad
them in the envelope provided. This helps us to keep track of the response
while also maintaining anonymity of the participants.

We would greatly appreciate your returning the completed questionnaire
within two weeks. In advance, thank you very much for your cooperation.

Cordially,

Peter R. Monge, PhD
Vice President

Encl.
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EXECUTIVE QUESTIONNAIRE

Assessment of NASA Technical Information Study

In this questionnaire we would 1ike you to provide two kinds of infor-
mation. The first six questions are designed to let you tell us a Tittle bit
about your background. The remaining questions ask about your overall,

- general evaluation of NASA technical publications as well as your feelings
about any other forms of communication you and your employees have with NASA.

—t
.

What is the name of your company?

What is your job title?

How many years have you been employed by this company?

2

3

4. How many years have you been employed in this industry?

5. What is your age?

6. List the degrees you have earned, the date you received them, and the
area of specialty of each degree.

Degree Date Specialty

Questions seven through ten are divided into two parts, labeled "a" and "b".
The "a" part asks how frequently you engage in an activity, while the "b"
part asks how important that activity is in performing your work.

Answer the "a" questions by indicating the number of times you engage in

that particular activity during a typical month. (If it occurs less than

once a month, indicate your responses on a yearly rather than a monthly basis.)
For the "b" part, put an X on the blank that indicates your feelings about

the importance of the activity, where "1" indicates very unimportant, "7"
indicates very important, and "4" is neither important nor unimportant.
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10.

Executive Questionnaire - 2
During a typical month, how often do you use NASA technical documents
in performing your work? _
Number of times a month (or, number of times a year )

How important are NASA technical documents in helping you with your
work?

Very unimportant Very important

During a typical month, how often do you talk face-to-face with
personnel from NASA?

Number of times a month (or, number of times a year )

How important is face-to-face communication with people from NASA in
helping you with your work? .

Very unimportant Very important

During a typical month, how often do you talk on the telephone with
people at NASA?

Number of times a month (or, number of times a year )

How important is'telephone communication with people at NASA in
helping you with your work?

Very unimportant Very important
' 2 3 4 5 6 7

During a typical month, how often do you engage in written communi-
cation with people at NASA?
Number of times a month (or, number of times a year )

How important is written communication with people at NASA in helping
you with your work?

Very unimportant Very important
T
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Executive Questionnaire - 3

Questions eleven through sixteen are divided into two parts like the four
questions you have just completed. In these questions, however, we would
like you to indicate your opinion about your employees. As you think about
“your employees", think only about a "typical scientist, researcher, designer,
and/or engineer" who uses technical information in his or her work.

For the "a" question, write a number on the blank line which represents

your opinion about how many times a month (or year, if necessary) a “typical”
scientist, researcher, designer, engineer engages in the activity. For the
“b" questions, place an X on the blank which best indicates your opinion
about how important the activity is to this kind of employee in performing
his or her work.

11. a. In your opinion, how often over a month's time does a typical
scientist, researcher, designer, and/or engineering employee use
your company's library in performing his or her work?

Number of times a month (or, number of times a year )
b. In your opinion, how important is your company's library in helping
a typical scientist, researcher, designer, and/or engineering
employee with his or her work?

Very unimportant Very important
1 2 3 4 5 6

12. a. In your opinion, how often over a month's time does a typical
scientist, researcher, designer, and/or engineering employee use NASA
documents as part of their work?

Number of times a month (or, number of times a year )

b. In your opinion, how important are documents in helping this typical
employee with his or her work?

Very unimportant Very important
1 2 3 4 5 6 7

13. a. In your’opinion, how often does a typical employee talk face-to-face
with personnel from NASA?

Number of times a month (or, number of times a year )

b. In your opinion, how important is face-to-face communication from
NASA in helping this employee with his or her work?

Very unimportant Very important
7
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Executive Questionnaire - 4

14. a. In your opinion, how often does a typical employee talk on the
telephone with people at NASA?

Number of times a month (or, number of times a year )

b. In your opinion, how important is telephone communication with
people at NASA in helping this employee with his or her work?

Very unimportant . Very important
T 72 3 4 5 6

15. a. In your opinion, how often does a typical employee engage in ‘written
communication with people at NASA?

Number of times a month (or, number of times a year )

b. In your opinion, how important is written communication with people
at NASA in helping this employee with his or her work?

Very unimportant . _ Very important
7

16. a. In your opinion, how often during a month's time does a typical
employee read journal articles written by NASA authors?

Number of times a month (or, number of times a year )

b. In your opinion, how important are journal articles written by NASA
authors in helping with his or her work?

Very unimportant Very important

Now, we would like your opinion on four additional questions. Again, think of
"your employees" that are typical scientists, researchers, designers, and/or
engineers.

17. In your opinion, how timely is the information your employees receive
from NASA in helping them with their work? (Please check one.)

They usually don't find out about NASA research until it is too
late to be used in their work.

They usually obtain NASA information while they are working on or
in the middle of a project.

They usually obtain NASA information in the beginning or planning
stages of a project.
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18.

19.

20.

Executive Questionnaire - 5§

In your opinion, how much effort is involved for your employees to
obtain NASA literature within your organization?

Very little effort . Very much effort

1 2 3 4 5 6 7

During the past year, how many times did you order a NASA document
directly from one of the NASA research centers?

Number of times.

What is your best estimate of the total number of employees within your
organization that might have reason to use NASA documents?

Number of people.

Since the time that the National Advisory Committee for Aeronautics (NACA)
was reorganized as NASA, the scope of research and nature of documents have
changed. For questions 21 through 25, put an X on the blank that best
represents your feelings about the changes. (If you are unfamiliar with
NACA documents, check this blank » and proceed to Question 26.)

21.

22.

23.

24.
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‘Strongly disagree

It is easier for my employees or staff to apply the information found
in NASA documents than it was with NACA documents.

Strongly disagree _ Strongly agree
1 2 3 4 5 6 7

The information found in NACA documents made it easier for us to validate
our findings than the information we find in NASA documents.

Strongly disagree Strongly agree
1 2 3 4 5 6 7

The information we receive from NASA does a better job of providing us

- with alternative methods for our work than the NACA documents did.

Strongly agree

The information we received from NACA did a better job in helping us
cut costs than the information we receive from NASA.

Strongly disagree Strongly agree
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25.

26.

27.

Executive Questionnaire - 6

In general, I feel the information we receive from NASA is superior to
the information we received from NACA.

Strongly disagree Strongly agree
17 T2 3 T8 s 6 7

NASA publications are issued in various subject categories. Please
number (from 1 to 10) the following in order of overall value to your
company's work (a “1" indicates most valuable and a "10" indicates
Jeast valuable):

Aeronautics ____ Mathematical & Computer Science
Astronautics ______ Physics

Chemistry & Materials ____ Social Sciences

Engineering _____ Space Sciences

Geosciences ______A11 categories about equally
Life Sciences __ None of these

Aeronautical publications, one of the above subject categories in the
STAR Index, are divided into nine subdivisions. Please number the

following in order (1 - 9) of their overall value to your company's

work (a "1" indicates most valuable and a "9" indicates Jeast valuable):
Aeronautics (General)

_____ Rerodynamics
Air transportation and safety
Aircraft communications and navigation
Aircraft design, testing, and performance
Aircraft instrumentation
Aircraft propulsion and power
Aircraft stability and control
Research and support facilities
A1l categories in about equal importance

None of these categories
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28.

29.

30.

168

Executive Questionnaire - 7

Out of all the technical information publications your employees use,
what do you consider to be the five most important publications in
helping them do their work? This 1ist may or may not include NASA
documents.

1.

2.

For each publication listed in Question 28, please tell us what specific.
things about that source makes it valuable to your employees.

1.

2.

3.

4.

5.

What changes in NASA documents would make them more useful to your
organization?




31.

32.

33.

34.

35.

Executive Questionnaire - 8

Within the areas in which NASA does research that is relevant to your
company (as indicated by the documents you receive), what are your three

- most important information needs? (Please be as specific as possible.)

1.
2.
3.

How could NASA documents meet your company's needs better?

What do you consider to be the three major inadequacies of NASA technical.
documents?

1.
2.

3.

What do you consider to be the three major benefits of receiving NASA
technical documents?

1.
2.
3.

Please provide any additional comments or suggestions you might have
about NASA technical documents.
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Appendix C

RESEARCHER COVER LETTER

As a professional working for a company concerned with the aerospace industry,
you are probably familiar with the National Aeronautics and Space Administra-
tion. If so, you will recognize.that its principal output is technical and
scientific information. In a very fundamental sense, the usefulness of the
information it produces is a measure of the value of NASA to the aerospace,
academic, and scientific communities.

For these reasons, NASA has developed a study to determine how the users of
its information products evaluate them and if the publications are meeting
research and development needs of organizations such as yours. The Director
of NASA-Ames Research Center has requested that your company participate in
the study, which is being conducted for NASA by Communimetrics, Inc. In-
cooperation with this request, we are contacting you and several of your
colleagues, as instructed by .

By completing the enclosed questionnaire, you will help provide NASA with

a clearer idea of the information requirements of professionals like yourself.
As you know, a study of this kind -- to improve the information required

by organizations like yours -- only can be as good as the cooperation
provided by the participants. Thus, please give each question your careful
consideration and response.

The study is in three sections. The first is designed to find out about
your background and your general evaluations of NASA technical information;
the second is to identify those NASA publications which you have read, or
at least scannea, during the past year; and the third is to obtain your
reactions to specific publications which you have read.

Our experience indicates that the questionnaire can be completed in thirty
minutes or less. Though it may appear bulky, there are many items which
you will NOT be required to complete. Your specific evaluations of NASA
publications will only be required for ten articles, not all those published
in 1978. '
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Your response to the study will be completely anonymous. Only Dr. Monge and
- his research staff will have access to the questionnaires. The reply card,
returned separately, simply tells us that you have completed the forms and
returned them in the envelope provided. This helps us keep track of the
response while also maintaining anonymity on the questionnaires themselves.

We would greatly appreciate your returning the completed questionnaire

within two weeks. In advance, thank you very much for your cooperation and
assistance.

Cordially,

Peter R. Monge, PhD
Vice President

Encl.
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RESEARCHER/DESIGNER QUESTIONNAIRE

Assessment of NASA Technica1 Information Study

Section One: General Information and Evaluation

In this section we would like you to provide two kinds of information.
The first six questions are designed to let you tell us a little bit about
your background. The remaining questions ask about your overall, general
evaluation of NASA technical publications as well as your feelings about
any other forms of communication you may. have with NASA.

1. What is the name of your company?

2. What is your job title?

3. How many years have you been employed by this company?

4. How many years have you been employed in this industry?

5. What is your age? |

6. List the degfees you have earned, the date you received them, and the

area of specialty of each degree.

Degree . Date Specialty

. Each of the next six questions are divided into two parts, labeled "a" and
"b". The "a" part asks how frequently you engage in an activity while part
“b" asks how important that activity is in performing your work.

Answer the "a" questions by indicating the number of times you engage in

that particular activity during a typical month. (If it occurs less than

once a month, indicate your response on a yearly rather than a monthly basis).

For the "b" part, put an X on the blank that indicates your feelings about the

importance of the activity, where "1" indicates very unimportant, "7" indicates
very important, and "4" is neither important nor unimportant.
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10.

176

Researcher/Designer Questionnaire - 2

During a typical month, how often do you use your company's library

.4 in performing your work?

Number of times a month (or, number of times a year )

How important is your company's library in helping yoh with your work?

Very unimportant Very important
T 2 3 & 5 6 7

During a typical month, how often do you use NASA documents as part
of your work?

Number of times a month (or, number of times a year )

How important'are NASA documents in helping you with your work?

Very unimportant Very important
T

2 3 &% 5 & T

During a typical month, how often do you talk face-to-face with
personnel from NASA or one of the NASA research centers?

Number of times a month (or, number of times a year )

How important is face-to-face communication with people from NASA
in helping you with your work?

Very unimportant Very important

2 3 4 5 6 7

During a typical month, how often do you talk on the telephone with
peopie at NASA?

Number of times a month (or, number of times a year )

How important is telephone communication with people at NASA in
helping you with your work?

Very unimportant Very important
an

2 3 & 5 & 7



11.

12.

Researcher/Designer Questionnaire - 3

a. During a typical month, how often do you engage in written communi-

cation with peopie at NASA?

Number of times a month (or, number of times a year )

b. How 1mportant is written communication with people at NASA in he1p1ng

you with your work?

Very unimportant Very important
1 2 3 4 5 6 7

During a typical month, how often do you read art1c1es in professional
journals written by NASA authors?

Number of times a month (or, number of times a year )

Can't identify NASA authors.

b. How important are journal articles written by NASA authors in helping

you with your work?

Very unimportant Very important

Questions 13 through 22 ask for your reactions to several general aspects of
NASA documents.

13.

14.

How much effort is involved for you to obtain NASA documents within your
organization?

Very little effort Very much effort
T

How timely is the information you receive from NASA in helping you with
your work? (Please check one.)

I usually do not find out about NASA research until it is too

late to be used in my work.

I usually receive NASA information while I am working on or in
the middie of a project.

I usually obtain NASA information in the beginning or planning
stages of a project.
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15.

16.

17.

178

other (please specify)

Researcher/Designer Questionnaire - 4

How many times during the past year have you ordered a NASA document
directly from NASA or from NASA research centers?

‘Number of times.

Generally, what is the major way you learn about a new NASA publication?
(Please check one.)

by regularly reviewing the STAR Index

from newsletters or information sheets created and distributed
by your company library

from a colleague in your company
from a colleague in another company
from contacts at NASA

by reading about the existence of the publication in a journal
article

NASA publications are issued in various subject categories. Please
number (from 1 to 10) the following subject categories in order of their
value, importance, or general usefulness in your own work (a "1" indi-
cates most valuable/useful and a "10" as least valuable/useful):

Aeronautics _____Mathematical & Computer Science
Astronautics _____ Physics

Chemistry & Materials ____ Social Sciences

Engineering _____ Space Sciences

Geosciences ___ ATl categories

Life Sciences —__ None



18.

19.

Researcher/Designer Questionnaire - 5

Aeronautical publications in STAR are divided into nine subdivisions.

Please number the following in order (1 - 9) of their value, importance,

or frequency of use in your own work (a "1" indicates most valuable/us
and a "9" as least valuable/useful):

Aeronautics (General)

Aerodynamics

Air transportation and safety

Aircraft communications and navigation

Aircraft design, testing, and performance

Aircraft instrumentation

Aircraft propulsion and power

Aircraft stability and power

Research and support facilities

A1l categories

None of these
Out of all the technical information publications you use, what do you
consider to be the five most important in helping you with your work?
This list may or may not include NASA documents.

1.

eful

(8] o) w N
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20.

21.

22.

23.

2.

180

Researcher/Designer Questionnaire - 6

For each publication listed in Question 19, please tell us what specific
things about that publication make it valuable to you.

1.

5.

Within the areas in which NASA does research (as indicated by the docu-
ments you receive), what are your three most important information needs?

1.

2.

3.

What changes in NASA documents would make them more useful to you?

What do you consider to be the three major inadequacies of NASA technical
documents?

1.

3.




Researcher/Designer Questionnaire - 7

What do you consider to be the three major benefits of receiving NASA
technical documents? : -

1.

2.

3.

Please provide any additional comments or suggestions you might have
about NASA technical documents.

181




Researcher/Designer Questionnaire

Assessment of NASA Technical Information Study

Section Two: Use of Documents

This part is designed to identify the NASA technical documents you have
- read or looked at during the 1978 year. In the pages which follow, you will
find a list of some NASA aeronautical documents that your company received
during that year. The documents are listed according to author within sub-
category classifications from STAR. An abstract is provided for each docu-
ment in order to refresh your memory.

There are two sections to this part, and we would like you to attend
to both sections. First, read through the list, placing an X or check-mark
on the blank line to the left of those documents which you have read or at
least looked at during 1978.

Second, at the end of the pages of document lists, you will find 10
evaluation sheets. Please go back and select 10 documents you have already
indicated having looked at or read, and are representative of typical NASA
documents, and evaluate Just 10 of those. We are not asking you to evaluate

all of the documents listed, only 10 of all the documents you have marked with

an X.

When you have completed fhis section, please mail it back, with your
questionnaire, in the enclosed envelope. Thank you very much for your time
and interest in giving your professional impressions of specific documents

produced by NASA.
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ABSTRACT NO. (First 4 words of title)

How did you first become aware of this document? (Please check one.)

Through face-to-face communication with NASA personnel.

Through written communication with NASA personnel.

Through telephone communication with NASA personnel.

Through communication with a person at my organization.

Through communication with a person not employed with NASA or my
organization. .

Through one of the NASA Industrial Application Centers

Seeing an abstract in IAA.

Seeing an abstract in STAR.

Seeing an abstract in Selected Current Aerospace Notices (SCAN).

Seeing a reference to the article in a technical journal.

Other (please specify)

1]

How important was this document in helping you validate or check your own
research?

Very unimportant Very Important
: 1 2 3 4 5 6 7

How important was this document in helping vou maintain vour professional
awareness of the field?

Verv unimportant Very important
! 2 3 4 5 6

How important was this document in assuring you that you were not dupli-
cating work that has already been done?

Very unimportant Very important
' 1 2 3 4 5 3

How important was this document in suggesting alternative methods for
your work?

Very unimportant Very important
1 2 3 4 5 6 7

How important was this document in improving the quality of your work?

Very unimportant Very important

T "2 3 & 5§ & 7
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10.

11.

12.

13.

184

How important was this document in giving you ideas for future projects?

‘Very unimportant _  ___ Very important

1 2 3 4 5 6

How important was this document in helping you apply your own ideas to

your work?

Very unimportant ___ _ Very important
1 2 3 4 5 6 7

How many times during the past year have you referenced or cited this
document in one of your in-house publications? )

Number of times.

How many times during the past year have you referenced or cited this
document in a technical publication?

Number of times.

What percentage of this document did you read?

%

In your opinion, how ihportant was this document in saving person hours
in your work project? (If you are unable to make an estimate, place
an X here .)

Very unimportant Very important
7

T T2 T3 3% 5 6

In your opinion, how important was this document in saving your
organization money besides the saving of person hours? (If you are

unable to make an estimate, place an X here

Very unimportant _ Very important

MAKE SURE YOU HAVE FILLED IN THE ABSTRACT NUMBER.
THANK YOU.




(read and/or looked at) Abstract No. 1587

" Bousman, William G., AN EXPERIMENTAL INVESTIGATION OF HINGELESS HELICOPTER

ROTOR-BODY STABILITY IN HOVER. NASA-TM-73489

Model tests of a 1.62 m diameter rotor were performed to investigate the
aeromechanical stability of coupled rotor-body systems in hover. Experi-
mental measurements were made of modal frequencies and damping over a wide

. range of rotor speeds. Good data were obtained for the frequencies of the

rotor lead-lag regressing mode. The quality of the damping measurements of
the body modes was poor due to nonlinear damping in the gimbal ball bearings.
Simulated vacuum testing was performed using substitute blades of tantaium
that reduced the effective lock number to 0.2% of the model scale value while
keeping the blade inertia constant. The exper1menta1 data were compared with
theoretical predictions, and the correlation was in general very good.

(read and/or looked at) Abstract No. 1543

THE BENEFITS OF IMPROVED TECHNOLOGIES IN AGRICULTURAL AVIATION
NASA-CR-157051

The economic benefits attributable to a variety of potential technolo-
gical improvements in agricultural aviation are discussed. Topics covered
include: the ag-air industry, the data base used to estimate the potential
benefits and a summary of the potential benefits from technological improve-
ments; ag-air activities in the United States; foreign ag-air activities;
major ag-air aircraft, its use and manufacturers' sales and distribution net-

works; and estimates of the benefits to the United States of proposed techno-
1og1ca1 improvements to the aircraft and dispersal equipment. A bibliography
of references is appended. '

(read and/or looked at) Abstract No. 1159

Maddalon, Dal V., ESTIMATING AIRLINE OPERATING COSTS. NASA-TM-78694

A review was made of the factors affecting commercial aircraft operating
and delay costs. From this work, an airline operating cost model was developed
which includes a method for estimating the labor and material costs of indivi-
dual airframe maintenance systems. The model, similar in some respects to
the standard Cost Model, permits estimates of aircraft-related costs not now
included in the standard ATA model (e.g., aircraft service, landing fees,
flight attendants, and control fees). A study of the cost of aircraft delay
was also made and a method for estimating the cost of certain types of airline
delay is described.
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Appendix D

LIBRARIAN COVER LETTER

As a specialist in technical information working for a company that is a part
of the aerospace industry, you are no doubt familiar with the National
Aeronautics and Space Administration. If so, you will recognize that its
principal output is technical and scientific information. In a very funda-
mental sense, the usefulness of the information it produces is a measure of
the value of NASA to the aerospace, academic, and scientific communities.

For these reasons, NASA is interested in determining how the users of its
information products evaluate them, and whether they are meeting the research
and development needs of organizations such as your own. As a means of
assessing this, the Director of NASA-Ames Research Center has developed a
research project which is being conducted by Communimetrics. Your organi-
zation has agreed to participate in this study, and you have been identified
as a key resource in charge of your organization's information facilities

by .

By completing the questionnaire for this study, you will be helping to

provide NASA with a clear idea of the information requirements of professionals
in your company. As you know, however, a study of this kind can only be as
good as the cooperation given by the participants. Thus, please give each
question your careful consideration and response.

Your response to the study will be anonymous. The reply card, returned
separately, simply tells us that you have completed the forms and returned
them in the envelope provided. This helps us keep track of the response while
also maintaining anonymity on the questionnaires.

We would greatly appreciate your returning the completed questionnaire within
two weeks. In advance, thank you very much for your cooperation.

Cordially,

Peter R. Monge, PhD
Vice President

Encl.
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LIBRARIAN QUESTIONNAIRE

Assessment of NASA Technical Information Study

In this Questionnaire, we would like you to provide two kinds of infor-
mation. The first six questions are designed to let you tell us a little
bit about your background. The remaining questions ask about your overall

library functions, particularly as they relate to NASA technical publications
and their use.

1. What is the name of your company?

What is your job title?

How many years have you been employed by this tompany?

How many years have you been employed as a librarian?

what is your age?

(o)) (3, ] L) w N
. L) L) . .

List the degrees you have earned, the date you received them, and the
area of specialty of each degree:

Degree Date Specialty

The following questions ask for a variety of information which will help
us evaluate use of NASA technical information.
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7.

8.

10.

1.

12.

Librarian Questionnaire - 2

Does your library serve the entire company, or does it serve just one
or more divisions?

How many

Entire company
One or more divisions/departments. Please indicate names of

units served:

separate libraries or branches are in your entire company?
One central library only
One central library with specialized divisions in other locations.

Specify total number of libraries

Each division has its own library. Specify total number of

libraries in the entire company

What is the total number of employees in your company?

Specify number

Approximately how many employees are served by your library?

How many

How many

Specify number

volumes/journals etc. does your library contain?
Specify number '

people are:- employed within your library?

Number of full-time employees

Number of part-time employees

13. Do other divisional libraries in your company order NASA pub1ications?

No
Yes. Please specify number of other company 1ibraries ordering

NASA documents (either automatic distribution or individual
copies) number ordering.
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14.

15.

16.

17.

18.
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Librarian Questionnaire - 3

What types or groups of people in your organization actually use your
library? ,
only research and other technical personnel
only management personnel

all company personnel involved with production, research,
and development

any member of the company, regardless of function
other (please specify)

How many people in your company actually use your library during a
typical month?

number of people

Approximately how long has your company been receiving NASA technical
documents?

number of years

0f the subject divisions in the STAR Index, which does your library
receive on automatic distribution?

Aeronautics

Astronautics

Chemistry and Materials

Engineering

Geosciences

Life Sciences

Mathematical and Computer Sciences
Physics

Social Sciences
Space Sciences
None are received on automatic distribution

Do you order individual copies of publications in those subject divisions
which you do not receive on automatic distribution?

Yes (please specific subject divisions)

No, the only NASA publications we receive are through STIF auto- -
matic distribution.




19.

20.

21.

22.

23.

24.

25.

Librarian Questionnaire - 4

From what sources does your library obtain NASA documents (either on
automatic distribution or individual copies?

STIF

DOC

NTIS

AGARD

CsCL

University Microfilm
directly from the author

directly from a NASA Research Center
other (please specify)

Approximately how often in the past year did your company order individual
copies of MASA aeronautical documents? :

several per month

one or two a month on average
infrequently
never

What is your best estimate of the number of people who read NASA technical
publications during a typical month, either in the library or elsewhere?

number of people

How many microform readers (of any type) do you have in your library?
number
If an employee needs a specific technical document, who orders that
documents? (Check one)
Library orders it
Employee orders it
Either library or employee orders it

Is there a company policy about ordering specific technical documents?
No, there is no company policy

Yes, an employee may order documents personally

Yes, only the library may order documents

Other (please specify)

On the average, how long does it take to receive a NASA document after
it has been released (or ordered)?

number of days
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26.

27.

28.
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Librarian Questionnaire - 5

While conducting research, employees may need NASA documents which are
not in your company's library. There may be several reasons for this.
For each reason listed below, please indicate the number of times during
1978 a requested document could not be obtained in your library (your
best estimate).

NUMBER OF TIMES

The requested document was not in one of the STAR Index subject
categories which your organization was receiving on automatic
distribution.

The requested document was distributed in microfiche, and we only
receive hardbound in that STAR category.

The requested document was referenced in STAR, but ié not on
automatic distribution through NASA.

The requested document was supposed to have been sent to our
library on automatic distribution from STIF but was never received.

Our copy was lost.

a

We wanted additional copies but they weren't available.
Other (please specify)

How many times during 1978 did you fulfill employee requests by the
following methods? (Your best estimate)

NUMBER OF TIMES

The document was ordered through STIF (Scientific and Technical
Information Facility).

The document was ordered directly from a NASA Research Center.
The document was ordered directly from the author.

The document was ordered through NTIS (National Technical Infor-
mation Service).

The dpcument was ordered from DDC.
Other (please specify)

Generally, on what basis are decisions reached by your library for sub-
scribing to automatic distribution of a subject division of NASA documents
in STAR (through STIF).

General demand by researchers and others.
Company is working on a NASA project.
Other (please specify)




29.

30.

Librarian Questionnaire - 6

Generally, how important is cost in determining if you will order or
continue on automatic distribution of a subject division of NASA docu-
ments? )

Very unimportant ' Very important
] 2 3 4 5 6 7

1f your company has discontinued automatic distribution of any subject
divisions during the last 18 months, please indicate the name of the
subject division discontinued and the major reason(s).

Subject divisions discontinued for automatic distribution

REASON(s)
Automatic distribution is too expensive.
The publications duplicate other sources of needed information.
Information in these publications is not timely.
Publications were not received promptly upon publication.

Not all publications in the category were useful.

NASA contract was completed; need for documents no longer exists.

Problems with the delivery system (please specify)

Other reasons (please specify)

Please use the following space if you have additional comments about the

use of NASA technical documents by clients of your library.
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Appendix E

COMPANIES PARTICIPATING IN PERSONAL INTERVIEWS

AVCO Corporation
Lycoming Division
Stratford, Connecticut

Boeing Aerospace Company
Seattle, Washington

Lockheed Aircraft Corporation
Lockheed-California Company
Burbank, California

Northrop Corporation
Aircraft Division
Hawthorne, California

Rockwell International Corporation
Columbus Aircraft Division
Columbus, Ohio

United Technologies Corporation

Sikorsky Aircraft Division
Stratford, Connecticut
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PERSONAL INTERVIEW PROTOCOL FORM

Introduction -- purpose and nature of the study

1.

Determine technical information needs of professionals in the
industry. :

Assess the usefulness and quality of NASA technical information.

Mail survey of 450 executives, researchers, and librarians in-40
companies receiving NASA aeronautical publications.

Personal interviews with five senior executives in each of six major
companies. :

MDS study to measure values of key concepts obtained from mail
questionnaire responses.

Length of interview: one hour or less.

Scope: technical information needs and uses in your area of respon-
sibility and company broadly; assessment of NASA and other technical
information from your perspective, that of staff members, and company
overall; and recommendations for changes.

Interview -- background

1.

2.

Would you briefly describe your areas of responsibility: your
functions and those of your department and staff?

Approximately what percent of your time is allocated for each of
your primary functions?

Personal use of technical information

3.

In your present job, do you personally refer to NASA documents or
technical publications from other organizations?

a. About how frequently in a day or week?

b. Do you refer to these publications in regard to a project you
are personally handling,the work of your department, or perhaps
because of your general interest in certain topics?

Do you feel NASA publications today are as effective as the old- NACA
publications?




a. In what ways do you feel the old NACA publications were better
than today's NASA publications?

b. In what ways do you feel today's NASA publications are better
than the old NACA publications?

Among various NASA facilities with which you may be familiar --
Lewis, Dryden, Ames, Huntsville, Houston, Langley, etc. -- can you
distinguish major differences in the quality or usefulness of infor-
mation which each publishes?

Do you personally feel that NASA has kept up with the times and your
company's needs in terms of:

a. Writing style?

b. Methods of presenting data (format)?

¢. Quantity of publications or data needed?
d. Quality of information?

e. Timeliness of information?

Do you feel there should be more interaction between NASA personnel
and yourself?

a. Should there be greater interaction between NASA people and
members of your staff?

b. What kinds of interactions and for what outcomes do you feel
are needed?

If NASA were to make any changes in the information it provides or
the ways in which it is delivered, what changes would be of the.
greatest value to you?

D. Department and staff needs for and uses of technical information

9.

10.

In regard to the information needs of your department or area or
responsibility, what are the five leading sources of technical infor-
mation which you need and use?

(Seek ranking in tenms of overall impontance in department's work.)

In what forms or formats would your staff prefer to obtain technical
information from NASA or other organizations?

(Technical neponts, jourtnal anticles, etc.; handbound vs. microgiche;
ete.)
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1.

12.

13.

Do you feel the information needs and the uses of technical infor-
mation by your staff researchers, designers, and others in your
department differ greatly in any ways from your own needs and uses?

a. Are members of your staff apt to seek d1fferent content than
you are?

b. Are members of your staff apt to prefer a different format?

Do you feel NASA understands and is responsive to the information
needs that your staff may have on a particular project related to
NASA activities?

When a serious problem or information need arises on a major project,
where are members of your staff apt to turn first to obtain the
information they need? What are the five top general sources?
{Company £ibrary, STAR/STIF, a NASA reseanch center, NTIS, another
company, Apecific authons, ete.)

"a. Is the information usually available?

b. Does your company have any difficulty obtaining copies of NASA
publications?

E. Company in general

14.
18.

16.

17.

202

In your opinion, what is your company's relationship to NASA?

From your point of view, what is the role of NASA as you believe
NASA sees its role in relationship to your company?

From your point of view, what should the role of NASA be in regard
to your company?

a. Is NASA providing the kind of information leadership that your
company feels is needed today?

b. How do you feel NASA publications in general compare to similar
types of publications created by other organizations?

What changes might NASA make which would be of overall benefit to
your company in terms of the technical information it provides?
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NASA CORPORATE QUESTIONNAIRE

Do you use NASA technical information?

yes 1
no 2
not sure 3

Have you ever used NACA (National Advisory Committee for Aeronautics)
publications? :

yes 1
no 2
not sure 3

What is the name of your company?

In this industry, people often make the distinction between a "scientist"
and a "technologist.”" A scientist is usually described as a person who
likes the theoretical aspects of ideas. Theory development is often a
desired end-product. This person reads many technical journals and papers,
and enjoys constructing new theories. This work may be published and/or
presented at scientific meetings.

A technologist is typically described as a person who applies theories to
produce better products for the firm or industry. This person also reads
technical journals and papers. -The technologist enjoys applying new
information to construct technical advances or improvements.

We would 1ike to know where you place yourself on the following 0-9 scale.
"0" represents a "pure scientist" (a completely theoretical orientation).
"9" represents a "pure technologist" (a completely technical orientation).

" The more you consider yourself a scientist, the closer you should come

to marking a "0". Conversely, the more you consider yourself a techno-
logist, the closer you should come to marking a "9". Please put an "X"
about the number which best reflects your assessment of your scientific/
technological orientation.

(Scientist) .I | N O N O (Technologist)
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INSTRUCTIONS TO RESPONDENTS

This questionnaire asks you to report your opinions on a set of ideas or con-
cepts related to the National Aeronautical and Space Administration. We
would like you to describe your opinions by telling us how different pairs

of concepts are from each other. The way you will do this is to estimate how
far apart two concepts are. Distance between concepts is measured in psycho-
logical "units," so that the more different two concepts are, the more units
apart they are from each other.

To give you a "yardstick" to help you express how far apart two concepts are,
we will say that aerospace journals are 100 units different from technical
working papers. In other words, aerospace journals and technical working
papers are 100 units apart. Therefore, all the differences between aerospace
journals and technical working papers together account for 100 units of
difference.

The idea is for you to tell us your assessment of how many units apart the
concepts listed below are from each other. Remember, the more different two
concepts are from each other, the larger the number of units apart they are.

If you think any two concepts are more different than aerospace
journals and technical working papers, you would write a number
larger than 100.

If you think two concepts are less different than aerospace journals
and technical working papers, you would write a number smaller than 100.

If you think two concepts are identical, you would write a "0".

For example, when completing a questionnaire similar to this one, a researcher
was instructed that "aerospace journals" and "technical working papers" were
100 units apart. He was then asked to estimate the distance between:

AEROSPACE TECHNOLOGY AND ELECTRONICS

He decided that electronics sometimes deals with communications, navigation,
and flight control systems for the aerospace industry, but since electronics
is a part of many other fields as well, the two concepts are 125 units apart.
After completion, the sample line looked like this:

AEROSPACE TECHNOLOGY AND ELECTRONICS 125

We realize that you might feel that your estimates are not perfectly accurate
for every pair of concepts. Remember, there is no "right" answer. Providing
your own best estimates of the distances between each pair will be sufficient
for our purposes.

If you cannot give an estimate for one pair, leave the space blank.
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NASA TECHNICAL
NASA TECHNICAL
'NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL
NASA TECHNICAL

IF AEROSPACE JOURNALS AND TECHNICAL WORKING PAPERS
ARE 100 UNITS APART, HOW FAR APART ARE:

INFORMATION AND MY JOB
INFORMATION AND TIMELY
INFORMATION AND ACCESSIBLE
INFORMATION AND USEFUL
INFORMATION AND ADEQUATE

JINFORMATION AND RESPECTED

INFORMATION AND AERONAUTICAL
INFORMATION AND PROBLEM SOLVING
INFORMATION AND IDEAS
INFORMATION AND AEROSPACE
INFORMATION AND BASIC RESEARCH

MY JOB AND TIMELY

MY JOB AND ACCESSIBLE

MY JOB AND USEFUL

MY JOB AND ADEQUATE

MY JOB AND RESPECTED

MY JOB AND AERONAUTICAL

MY JOB AND PROBLEM SOLVING

MY JOB AND IDEAS

MY JOB AND AEROSPACE

MY JOB AND BASIC RESEARCH
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TIMELY AND

TIMELY AND

TIMELY AND

TIMELY AND
TIMELY AND
TIMELY AND
TIMELY AND
TIMELY AND

TIMELY AND

ACCESSIBLE
ACCESSIBLE
ACCESSIBLE
ACCESSIBLE
ACCESSIBLE
ACCESSIBLE
ACCESSIBLE
ACCESSIBLE

USEFUL AND
USEFUL AND
USEFUL AND
USEFUL AND
USEFUL AND
USEFUL AND
USEFUL AND
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ACCESSIBLE
USEFUL

ADEQUATE
RESPECTED
AERONAUTICAL
PROBLEM SOLVING
IDEAS

AEROSPACE

BASIC RESEARCH

AND USEFUL

AND ADEQUATE

AND RESPECTED

AND AERONAUTICAL
AND PROBLEM SOLVING
AND IDEAS

AND AEROSPACE

AND BASIC RESEARCH

ADEQUATE
RESPECTED
AERONAUTICAL
PROBLEM SOLVING
IDEAS

AEROSPACE

BASIC RESEARCH




ADEQUATE AND RESPECTED
ADEQUATE AND AERONAUTICAL
ADEQUATE AND PROBLEM SOLVING
ADEQUATE AND IDEAS |
ADEQUATE AND AEROSPACE
ADEQUATE AND BASIC RESEARCH

RESPECTED AND AERONAUTICAL
RESPECTED AND PROBLEM SOLVING
RESPECTED AND IDEAS
RESPECTED AND AEROSPACE
RESPECTED AND BASIC RESEARCH

AERONAUTICAL AND PROBLEM SOLVING
AERONAUTICAL AND IDEAS
AERONAUTICAL AND AEROSPACE
AERONAUTICAL AND BASIC RESEARCH

PROBLEM SOLVING AND IDEAS
PROBLEM SOLVING AND AEROSPACE
PROBLEM SOLVING AND BASIC RESEARCH

IDEAS AND AEROSPACE
IDEAS AND BASIC RESEARCH

AEROSPACE AND BASIC RESEARCH

AEROSPACE JOURNALS AND WORKING PAPERS
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